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PREFACE

This study report for the Tug Program is submitted by the McDonnell Dougl_

Astronautics Company (MDAC) to the Government in partial response to Cont]

Number NAS8-29677.

(

The current results of this study contract are reported in eight volumes:

Volume 1- Summary, Program Option 1

Volume 2 --Summary, Program Option 2

[Volume 3- Summary, Program Option 3 I

These three summary volumes present the highlights of the comprehensive _h

base generated by MDAC for evaluating each of the three program options. '

volume covers in summary form the applicable option configuration definit

tug performance and capabilities, orbital and ground operations, programm_

and cost considerations, and sensitivity studies. X"ne material contained

these three volumes is further summarized in the Data Dump Overview Brief

Manual.

Volume 4 -- Mission Accomplishment

This volume contains mission accomplishment analysis for each of the thre

gram options and includes the tug system performance, mission capture, an

fleet size analysis.

Volume 5 -- System (3 Books)

This volume presents the indepth design, analysis, trade study and sensit

tec_hnica/ data for each of the configuration options and each of the tug

systems, i._., structures, thermal, avionics, and propulsion. Interface

_he Shuttle and tug payloads for each of the three options is defined.

ORIG/I_AL PP.QE 15
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Volume 6 -- Operatlo_ (3 Books)

This volume presents the results of orbital and ground operations trades

optimization studies for each option in the form of operations descriptio[

time lines, support requirements (GSE, manpower, networks, etc. ), and res_

costs.

Volume 7 -- Safety (3 Books)

This volume contains safety information and dai;a for the Tu 6 Progrsm. Spe¢

safety design criteria applicable to each option are determined and potent

safety hazards common to all options are identified.

Volume 8- Programmatics and Cost (3 Books)

This volume contains summary material on Tug Program manufacture, faciliti

vehicle test, schedules, cost, project _t, SR&T, and risk assessm_

for each option studied.

These vo]ules contain the data required for the three options which were

selected by the Government for this part of the study and are defined as:

A. Option 1 is a Direct Development Program (I.O.C. : Dec 1979). It

emphasizes low DDT&E cost; the deployment requirement is 3500 pou

into geosynchronous orbit, it does not have retrieval capability,

it is desi6ned for a 36-hour mission.

So

MDAC has also prepared data for an alternative to Option 1 which

deviates from certain requirements to achieve the lowest practica

DDT&E cost.

Option 2 is also a direct development program (I.0.C. : ).983). It

emphasizes total program cost effectiveness in addition to low DD

cost. The deployment requirement is 3500 pounds minimum into geo

synchronous orbit and 3500 pounds minimum retrieval from geosynch

nous orbit.

PRECEIOI='_GP!_iE L!.,_i,_:_ i_G_ FILMED



Cl Option 3 is a phased development program (l.O.C. : 1979 phased to

I.O.C. 1983). It emphasizes minimum initial DDT&E cost and low total

program cost. The initial tug capability will deploy a minimum of

3500 pounds into geosynchronous orbit without retrieval capability,

however, through phased development, it will acquire the added

capability to retrieve 2200 pounds from geosynchronous orbit. The

impact of increasing the retrieval capability to 3500 pounds is also

provided.
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INTRODUCTION

The Government's evaluation of the MDAC Tug concept selection data and

recommendations presented in July 1973 resulted in the direction to con-

duct further in-depth ana/ysis and to provide the resulting data and conclu-

sions for three selected Cryogenic Tug Program options.

The material pre_ented in this MDAC Tug Program study is completely responsive

to the negotiated statement of work an_ subsequent direction. The study

results provide a com_.rehensive data base tha_ can be used in the Government

planning studies to select the most attractive cryogenic Tug Program option for

comparison to other a!ternatives under consideration. The Option 3, Phased

Development Program (I.O.C. 1979 phased to 1.0.C. of 1983) study results are

summarized in this data package - Volume 3. Unless material herein is ap_licabl

to both phases, there is a separate discussion of each in the appropriate secti_

The current concept evaluation process has been conducted and substantiating

data for the conclusions and recommendations reached by MDAC are provided

herein. Additional substantiation and detailed supporting documentation is

contained in Volume 4 - _ssion Accomplishment, Volume 5 - Systems, Volume 6 -

Operations, Volume 7 - Safety, and Volume 8 - Programmatics and Cost; as well

as in the briefing material.

A program overview has been included in Section i of this volume. It contains

the key results of Option 3 study and a comparison of these key results with

results of Option 1 and Option 2.
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Section 1

PROGRAM DEFINITION AND OBJECTIVES

(

The Space Tug is a reusable vehicle designed rio operate in conjunction wJ

National Aeronautics and Space Administration's (NASA's) Space Shuttle.

Tug is transported by the Space Shuttle to low Earth orbit where it then

forms as a propulsive stage for placement and retrieval of payloads in h!

energy orbits including synchronous altitudes. When transporting the Tu4

payload, the Space Shuttle Orbiter is capable of deploying 65,000 ib to

160 nmi circular orbit. The Orbiter also retrieves the Tug after it per]

its mission from a similar orbit for return to Earth. For the purpose o]

system study the Tug is to be a cryogenic propulsive stage that uses liq,

hydrogen and liquid oxygen as propellants.

Cryogenic Tug Option 3 is a phased development program for an interim op_

ins capability on December 31, 1979 and a final operating capability on

December 31, 1983. In developin_ the complete description of this progr_

option, the following were to be given the principal emphases:

a. Initial Tug -

• IOC December 31, 1979

• Minimum performance, place _> 3500 ib to geosynchronous

• No rendezvous and docking ability

• Minimum DDT&E costs, with ability to grow

• Meet minimum payload requirements

• 36 hour mission capability

b. Final Tug -

• IOC December 31, 1983

• Minimum performance, retrieve _> 2200 Ib from geosynchronous

• Have rendezvous and docking ability

• Phase to emphasize low total program costs

• Meet minimum payload requirements, provide 300 watts to PL,
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Additional groundrules asstm_l for the initial and final design are as

follows :

a. Initial Tug-

• No multi-payload capability

• No payload spin-up capability

• Payload interface diameter fixed

• No payload checkout capability

b. Final

• Multi-mission capability with 3 l_loads

• Ps_load spin-up capability

• Manual adjusted payload interface diameter

• Payload command checkout capability

_J

Within Option 3 capability, two specific sensitivities were to be identif!

I. Configuration and programatic sensitivities for the Final Tug t(

retrieve _>3500 Ib from geosynchronous.

2. Programmatic sensitivity to del_ both Initial _nd Final Tug IOC

2 years (I.O.C. DeceJnber 31, 1981 and 1985).

The physical and progjca_atic characteristics for Option 3/ and 3F are sb(

Table i-i and I-2.

OF POO__ _:'t_:'_"i'"!
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i.i TuB Pro6ram Overview

"_ Each of the three tu_ options is discussed in a separate volume dedicated to

the individual option being, summarized. For the convenience of the reader,

this section contains a brief pro6ram overview which present_ the highlight

features of all three options. Comparative da_a should be used with the

awareness that the mission model is different for each of the options.

The following figures are individually discussed in subsequent pages.

Figure 1 -i Space Tu_ Operations

-2 Key Issues

-3 Space 'i_/_Program Options

-h kission Model Comparison

-5 Performance Comparison

-6 Cost Comparison

-7 Space Tug Program Option Summary Comparison



SPACE TUG OPFA_TI0_

This stud_ encon_asses all aspects of the Space Tu_ operations. Depicted

the chart is the d/fferent phase_ of flight operations from lSftoff until

landln_. Included is the deployment of the Tu 6 _m the Shuttle c_rgo be

at 160 nxL end the rendezvous of a Tu_ and its retFleTed payload with t_

Orbiter before reentr_ and landing. Ground operations were also studied

extensLwly.
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KEY ISSUES

Since the T_ flies with the Orbiter during ascent and return to Earth it :

meet the safety standards for a manned space Tehicle during these times.

perfornance and capability it must at least meet the minimum requirements

mpecified by the Government. In all operations miniJn_n DDT_E costs are

lupoFtant. However, IEY/LE costs should not be lowered to the point that t

operations cost, for the life of the vehicle, will be prohibitive. In _dd

tG minimum DDTLE and operettas cost, low peak year f_ndlng is desirable,

eape©ially throu_ the 1975 to 1978 time period.
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SPACE TUG PROGRAM OPTIONS

•_e throe options indicated were those provided by the Government. _e

deployment and retrieval requirements are minimum for each option. Numc_

_enotttvity studies were conducted for each of the options and include w

the IOC data and assessment of program impacts.
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MISSION MODE_u CO_'ARISO_

_ne mission models provided by the Government for each option different

number and types of missions and the weights of the p_yloads involved.

r(sult of these necessary differences, care must be taken in comparing ,

option to another. For example, in each option, the time of operation

IOC to 1990 resulting in different procram durations, q_e mission mooe

Option 1 contains 360 deployment missions and 4 sortie missions over an

year period (1980 through 1990). The ps_load weights were all "current

weights ; the minimum in the total mission model. Of the total, 270 are

synchronous or high altitude-, 22 interplanetary and 68 low orbit mlssi

Option 2 has the heaviest p_71oads (using some of the low cost p%71oad

from the total mission model) and the most missions per year however _h

later I0C (December 1983) results in onl_ a seven year duration. The m

model includes retrieval missions as well as deployment missions. In a

multiple deployment missions require a positional separation of 60 ° be

payloads whereas the Option 1 model allowed deployment of multiple payl

at one orbital location. The Option 2 model contains _37 missions (258

ments and 179 retrievals) of which 328 are Keosynchronous or hi6_h altit

are interplanetary and 90 are low orbit missions.

_ce Option 3 mission model is quite similar to the Option 2 model excep

the earlier IOC (December 1979) the elimination of the retrieval missic

Z_ASA mission 5 and its decreased weight. For the years prior to 198_ (

final configuration IOC date) the model is like the Option 1 model for

years except for the increased payload weights. Out of 558 missions (

deployments end 171 retrievals), _30 are geosynchronous or high orbits,

interplanetary, and 106 low orbit missions.
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OPTIOI_ O0_IPAI_I SO_H'EI_I_CE

This chart compares the performance of the vehicle studies for each of th_

three options. In the case of Option 2 it was possible to use higher tecl

nolo_ in this vehicle because of the 1983 IOC date. Consequently, its

deployment, retrieval end round trip capability far exceeds the other optJ

It uses a Category II RLIO engine and the other vehicles have Category I

RLIO engines. _"_e final vehicle for Option 3 could be made into a vehicl,

vith performance similar to Option 2 if the CateEory II RLIO engine were

instead of the Category I. The deployment capability of the Option 3 In:

vehicle and that of Option 1 _re very close.
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OPTION COMPARISON -- C06T

This chart provides a cost comparison breakdown of the different option-_

co6ts which are strongly dependent on the mission model are specifically

tlfied. Since the mission model must vary between options (i.e., Betrie °

vs Deploy only), care must be taken when comparing these costs.

An interesting comparison is the DIYP&E cost for Option i and the DDT_E

for the Initial Option 3. It should be noted that the initial phase of

Option 3 is less costly than Option I because some of the initial GSE co:

for Option 3 have been deferred to final phase. This is possible becau_

of the limited initial fleet size. However, from a peak funding viev, ti

initial phase of Option 3 and Option i are identica.l end peak in 1978 at

79.7 million. _ae total DIE_E for Option 3 is same 80 million over Opti,

which provides the required development for the required additional cap_

e.g., Retrieval, 6 days, etc. The final phase of Option 3 peaks at 90.2

llon in 1981. The advantages of the Option 3 over Option 1 is that a ph_

vehicle can be provided with no initial DDT&E penalty.

The higher Option 2 DDT_E cost is expected with this higher capability

The peak year funding of Option 2 occurs in 1982 consistent with the

December 1983 IOC.



I I

S

L'NI

I I I I I I I I I I I I

z :
I I

i=--

I'_ q' old w i

I I I I I

_.. IE i- _ i- •

..__ll.-_ _ _ .a: I ..<,1 _. _--v )-_a: I .._.li.- _ _r--- f
==/ _i. .u ..j U m. I,I_ .=,il _.I.- U I- I=- I..- UI

._l_Ip._ a: _ < I ._ _,i_ _a: _._, I ._ _i_ _ _ _:¢_._

Z
_J
==10

m

n_ _

0

Z

o_ I

r_

m_



:II11 I fi_= i

, |_

;_"'_"I, _" "" I.I '' i
--, !, _

==,, ,, "=,

_ew

0 .I..

-., o o =.. ;
_ o '5' i.,= ...d_

_,. _

_1 i i i I I II II I I IB II

_l I=,, _ I,,3

_. " _ _ _ _ _ _ "-" _ _ _



Section 2

CONFIGURATION DEFINITION

2.1 INBOARD PROFILE DRAWING

The Cryogenic Tug Option 3I will contain 51,212 lb of usable LH 2 and LO 2

propellants (mixture ratio = 5.5) for operation of its Category I RLI0 main

engine. The configuration (Figure 2-1) consists of primary structure, thermal

control provisions, avionics and propulsion subsystem, and Shuttle interface

accommodations. The vehicle has an over _a!l diameter of 176 inches (14.7 ft)

and a total length of 389.8 inches (32.5 ft). The stake dry weight and gross

weight less payload are 6,606 ib and 59,335 ib, respectively.

The Cryogenic Tug Option 3F will be essentially identical to Option 31 in basic

confiKuration appearance. In the nominal mission it will be loaded with

5h,C_i _b of usable LH 2 and L02 propellants at a mixture ratio of 5.5. The

basic configuration equipment are identified in Figure 2-2. Dimensions of the

vehicle are identical to Option 3I, while the dry weight and gross wei6ht less

payload change to 6,25h Ib and 63,120 Ib, respectively.

2.2 STRUCIRIRES SUBSYSTEM SUMMARY (WBS 320-03-01)

The structural concept is designed to meet the program requirements established

for Option 3I and 3F as described in Section i.

For this vehicle, the structural arrangement and structural element details are

similar to Option I. Primary differences are in the tank support and thrust

structure materials to attain the option goal of low DDT&E costs but phasable

to longer mission duration. Figure 2-3 identifies the configuration and

primary structural subsystems. Table 2-1 provides the structural materials

Used.
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Table 2-1

STRUCTURAL MATERIALS

Arrangement : Load carrying tank (LCT)

LH2 Tank: 2219 Al-tsogrid cylinder - 1 pc tapered modified cass duae

LO2 Tank: 2219 A1 - 1 pc tapered eassinian domes

Tank Supports: Hinged F.G./epoxy tubes

Attached at LH2 dcme/eyl Joint

Tangentiall_ attached to L02 dome

Bod_ structure-load carrying tank/supports forward

7075 a1_ longerons/open iso_rid panels w/d-tank

Thrust Structure: Open Isogrid fiberglass epoxy

Meteoroid Barrier: Fabric bag



The load carrying tank (LCT) arrangement incorporates an isogrid-stiffened

2219 aluminum fUel tank sidewall and tubular truss tank supports as primary

structure between the paMload support frame and the constant section inter-

tank shell. Eight FG/epoxy trusses attach to the forward end of the tank

cylinder at sixteen equally spaced points. The trusses tie to the forward

support frame at eight hard points where the ps_load support trusses and the

avionics support panel Joints also attach providing good load path continuity.

This forward titanium frame also reacts the stage support pitch loads with a

pivoted fitting on the side of the stage. The avionics mounting panel is an

aluminum isogrid with integrally machined heat sink panels for component

mounting/heat conduction to the attached heat pipes.

At the aft end of the fuel tank cylinder, 16 laced tubular trusses carry

the bod_ structure loads from 32 points on the tank to 16 lemgeron loc&tions

on the intertank shell at a field Joint frame. These square tube section

aluminum longerons carry the concentrated axlal/bending loads to the sta_e

support separation plane at the aft end of the shell. Longeron stability

and torsional/bending shear capability are provided by open aluminum isogrid

panels. These panels are attached to the longerons and to the aluminum frames

at the forward field joint and the aft separation plane. The panels are all

shear carrying and are alternatel_ fixed and hinged for component mounting and

access. All panels are flat for manufacturing and mounting simplicity.

The oxidizer tank is supported by laced tubular trusses which attach

tangentially to pads on the tank below the tank equatorial plane, and to the

sta_e separation plane frame. Fuel tank supports attach to the tank cylinder/

dome intersection where the tank dome shape transitions to a local conic to

provide attachment clearance. All supports are hinged to eliminate radial con

straint on the tank. The tank cylinder is extended approximatel_ 12 1/2 inche

at each end from a theoretical tangential Joint location to intersect with the

70-degree-half-angle dome conic.

Domes of both tanks are fabricated in one piece of tapered 2219 aluminum.

Meridonal weldments are not required and only single circumferential welds are

used at the dome Joints. No ring inserts are required. Doors are provided at



i

the forward end of the LH 2 tank and Tug aft end of the LO 2 tank domes f,

internal stores/lines access.

Engine thrust is carried into the aft dome of the LO 2 tank by au open i:

thr_t structure. This structure is assembled from 12 similar flat pan

Joined at their edges. Local cut outs In the panels are prc_l_ed for

line routin6s. Attachment to the tank is provided at the 12 cor_er Join

flat panels incorporate nodal point attachment provisions at the isogri,

trian6ie intersections. This provides standard mounting locations for c,

attachment.

For the short mission duration, meteoroid protection is provided by a 6

fabric cover over the sidewall of the fuel tank and across the end dome:

tanks. This material also serves as the reflective insulation system p_

The barrier provides in excess of 0..095 probability of no unacceptable

dsma6e. Table 2-1 st_arizas the several structural element definition

As this vehicle is phased from the initial to the fineS configuration,

structural elements remain unchanged. To acco_mK>date the longer missio

tion and meteoroid exposure, greater protection is required. This prot,

is provided by the additional thermal insulation that is also required

form the longer mission. This insulation change is discussed in Sectio:

The payload interface structural/mechanical system also changes in this

capability as described in Section 2.7.

Structural analysis and trade studies are discussed in detedl in Volume

2.3 THERMAL COFI_OL SUI_YSTEM SL_4MARY (WBS 320-03-02)

The thermal control system is designed to meet the program requirements

established for Option 3I and 3F as d/scussed in Section I.

The thermal control of the fuel tank on the 3I option is accomplished w

radiation barrier consisting of a low emissivity surface (vapor deposit

aluminum) on the inside of the ba_ which envelops the tank, and a high_

reflective sheet of double aluminized mylar (DAM) on the tank. Cylindr



of a Dacron net separate the DAMreflector from the tank surface to reduce

convection heat transfer and the potential for liquefying nitrogen on the

exterior surface of the bag during ground hold. The thermal control of the

oxidizer tank is accomplished with a system identical to that for the fuel taz

except the layers of Dacron net are not needed on the oxidizer tank. (See

Figure )

The thermal control of the fUel and oxidizer tanks on the 3F option is accom-

plished with a multilayer insulation (NLI) system. Alternate layers of double

aluminized m_lar (DAM) and a Dacron net were selected for the MLI. The layerE

are held together in an integral panel with fasteners which have a small

diameter shank. The outer layers of the MLI panels are face sheets which pro_

tect the panel and which carry the structural loads. The panels are joined al

their edges by lacing and Velcro.

Separate bags envelop each of the tanks. These bags ensure the presence of

gases which will not liquefy or freeze on the tank exterior and within the

insulation system during ground hold, ascent, and reentry. Helium is used fo_

both the pre-flight purging and the reentry repressurization of the bag. Ls_g_

valwes in the bags and bag standoffs are used to allow a rapid evacuation of

the purge gas during ascent. Pressure controllers are used to control the

repressurization of the bags during reentry. Standoffs between the tank and

MLI as well as the standoffs between the MLI and the bag facilitate purging

the option 3F insulation system (Figure 2-5).

A schematic of the purge system is shown Jn Figure 2-6. This schematic is

applicable to both 3I and 3F.

Thermal analysis and trade studies are discussed in detail in Volume 5.

b

2. h AVIONICS SUBSYSTEM SUMMARY (WBS 320-03-03)

Program Option 3 is a phased developed program. The objectives of vehicle 31

are to minimize the initial DIYrAE costs. In addition the mission duration is

36 hours and the vehicle must operate under Automomy Level IV. The initial

design has compromised weight/rellability in order to achieve these goals.
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The reliability was comprcmise_, although the Tug still meets the 0.97 goal

for a 36-hour mission, by incorporating only one central computer in the Dat

Management System (DMS). The use of only one central computer eliminates the

requirement to develop a complex redundancy management scheme. The central c

puter is charged with the responsibility of managing the remainder of the

vehicle redundancies.

A 16-bit central computer was selected to minimize DDT&E costs since develo;

candidates currently exist. Programming a 16-bit machine will be more comple

than a 32-bit machine but since the majority of the calculations requiring

2h-32 bit accuracy are performed on the ground, this risk will be minimized.

The DMS is made fail safe by incorporating backup saline software in the Rein

Data Processors (RDPS). The RDP'S are normally dedicated to IMU strapdown ¢

cttlations. This backup software will safe the vehicle subsystems and stabili

vehicle rates.

To the maximum extent possible the onboard software has been minimized consi

ent with the requirements of Autonomy Level IV. The ground will perform all

calculations required for state update, targeting, and mission planning. Res

will be uplinked tc the Tug. The onboard software will perform all calcu/at

required lot° flight control, guidance, and subsystem control/redundancy

management. Ground override capability is provided to augment onboard subsys

uonurol.

'Pile Communication subsystem aesign is based primarily on the use of exlstln_

components. 0nly the minimum uplink/downlink services have been provided.

A TM/uplink interface is provided to the Shuttle. There is no pej-load commu_

cations i_,texface provided. NASA/DOD compatibility is achieved by co_posent

switching. The subsystem is redundant, so that no single point failure will

result in loss of communications. T%_: redundancy is achieved internal to t2

units in most cases.

A DIGS LMU was selected to minimize initial DDT&E costs since this unit h_s

been previously qualified on the Delta program. For the same reason the Orb

ing Astronomical Observatory (OAO) stra_down star tracker was utilized. The
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use of a strapdown star tracker constrains vehicle attitude, but since t_

vehicle positlon/velocity are updated from the ground in Autonomy Level

relatively few attitude updates will be required, i.e., only required pr'_

main engine burns, and therefore the attitude will only be constrained fc

periods of time.

Batteries were selected as the primary power source to minimize initial ]

costs. The selection of batteries was made possible by the relatively sh,

mission duration of 36 hours. The use of batteries imposes a weight pen&

the vehicle even for short duration missions. This penalty grows with in

mission duration. Two primary batteries are required to handle the vehic

energy requirements and a backup battery is provided to provide safing c

in case of a failure in the last active primary battery.

The Avionics Subsystem characteristics are tabulated in Table 2-2. A bi

diagram of the system is given in Figure 2-7.

Program Option 3F increased the mission duration to lhh hours, changed t

emphasis from low DDT&E to low tota/ program cost, increased the autonom

level from IV to III, required payload retrieva_!_ and requires a payload

munication interface (no checkout). These changes in requ/rements result

the Avionics Subsystem changes shown.

Autonomous attitude update and targeting calculations were incorporated

the onboard software. These calculations required the addition o1" addit_

computer memory.

The longer mission duration required the addition of another central co,

together with the System Control Unit required to manage the redundant c

computers.

Additional Modular Interface Units (MIUs) were added to meet the increa_

interface requirements. The interface requirements increase due to the

of the fuel cells and associated tankage, the laser radar, and changes J

propulsion subsystem. The additional interface units are added to the cc
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A strapdown IMU utilizing tuned rotor gyros was selected to replace the DIG

IMU in order to minimize the recurring costs. This IMU will also reduce the

IMU weight and power requirements.

A laser radar was incorporated to meet the payload retrieval requirement.

A laser radar was selected for the rendezvous/docking sensor in lieu of a

radar/TV combination. The laser only option was selected to minimize the ve]

weight and due to the inability of the TV to control low earth orbit docki_

operations. (This feasibility is still pending further definition of the TD]

capability. )

The primary batteries were replaced by fuel cells. The selection of fuel ce[

results in a significant weight savings for the longer duration missions. %3

fuel cells are provided and since either is capable of handling the total

vehicle load a backup power source is not required. A separate AgZn battery

been provided for the Thrust Vector Control (TVC) system to eliminate large

peak power demands on the fuel cells and to keep these power transients off

the main power busses.

The capability of interleaving payload/Tug TM data and the routing of pa_loe

uplink commands from the Tug to the payload was incorporated into the Co_

cations Subsystem. Payload checkout capability was not added.

The Avionics Subsystem characteristics for Option 3F are tabulated in Table

A block diagram of the system is given in Figure 2-8.

Avionics analysis and trade studies are discussed in detail in Volume 5.

Thermal control for the avionics modules in the front of the vehicle is pro

vided by lightweight radiation shields. Shields are installed over the pan_

in the forward skirt to provide radiation protection when the orientation it

to__rd the sun. Heaters are provided for orientation aw8_ from the sun. Heal

pipes are used to pump heat from the hot side to the cold side when the vehJ

is oriented at right angles to the sun. Heat pipes are also -used to control

temperature of the mid skirt electronics to stabilize the temperature of th_
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orientation operational constraints imposed by the on-board electronics the

control requirements.

2.5 PROPULSION SUBSYSTISM SUMMARY (WBS 320-03-0h)

The propulsion system is designed to the program requirements established f

Option 3I and 3F and discussed in Section i.

The selected subassemblies for the propulsion subsystem are defined to

emphasize these requirements are summarized herein. The assemblies discuss¢

herein are the main engine, main engine support, ACPS engine, and ACPS engi

support.

2.5.1 Main Engine

The Category I RLI0 engine was selected for the Option 3I and _ Tugs. The

principal performance geometric characteristics for this engine are tabula_

below:

Characteristics of Category I RL10

• Vac Thrust, ib 15K

• Engine Mixture Ratio 5.5

• Vac Isp, sec hhl.8

• Expansion Ratio 57:1

• Dry Weight, ib 293

• Length, in. 70.1

• Diameter, in. 39.5

2.5.2 Main F.ngine Suppcrt

The Option i main engine support assembly is basically comprised of hardwa

subassemblies, i.e., feed, fill, and drain, etc. However, non hardware

selections are also included in this category, i.e., main tank propellant

orientation, and fe_dline and engine thermal conditioning. The main engine

support selections are shown in Table 2-4.



Table 2-_

MAIN ENGINE SUPPORTSL%_a_RY

Option 3

Initial Final

Main Engine TVC

Main Engine Feed

Vent (Typ for LH2
and L02 )

Fill and Drain

.=nemmatits

c_e!lant Uti!izaticn

• McDonnell Douglas Elec-

tronics Co. Proposed

Trident C-h Electro-

mechanical Actuators

• LH2 - 2.5 inch vacuum

jacketed ducting tank

to Parker 2 inch pre-

valve. 2 inch insu-

lated S-IV design duct-

ing prevalve to engine

• LO 2 - 2.0 inch insu-

lated ducting and

Parker 2 inch prevalve

S-IV design ducting

prevalve to engine

interface

• 6 valve configuration -

2 Calmec Vent and

relief valves and

Calmec flight veut

isolation valves. Vent

ducting through Tug/

Orbiter interface, 2.0

inch. Flight vent, 1

inch.

• LH 2 - 2.0 inch vacuum

,jacketed ducting and

Parker 2 inch valve.

• LO 2 - 2°0 inch insu-

lated ducting and

Parker 2 inch valve.

• See Pressurization

• Closed loop with

capacitance probes

L

Jm_
T

m_
v

• ISa2r.e as Option 2)



Table 2-h

MAIN ENGINE SUPPORTSUMMARY(Continued)

Option 3

Initial Final

Pressur_ zation

Propellant
Orientation

Engine and Feedline
Conditioning

LO2 Abort Dump

• S-IVB deriative ambient

He for repress of LH 2

and 1/92, and expulsion

of L02 Engine GH2 bleed

for LH 2 expu3sion.

• ACPS thrusting using

two aft firing thrust-

ers. Variable time

depending on quantity

of LH 2 in tank.

• Trickle bleed propel-

lants through engine and

feed!ine. Propellants

vented overboard.

• 3.0 inch insulated

ducting and parallel

Fairchild butterfly

valves.

• S-IVB derivative c(

He and heater for

repress, of LH 2 am

LO2, and expulsion

L02 •

mm_



•:,e _pu_on ± maln propu±slon sysLem scnemaLic Is snow_l in :igure L-M. i'ne

schematic shows all of the Tug main propulsion subassemblies, plus the nain

r _pellant tank insulation vent and purge. In addition, the schematic shows

the fluid lines and hardware located in the orbiter payload bay and orbiter

payload bay and orbiter aft section which are required to support the Tug.

The Option i Tug features a Category I RL10 main engine with GH 2 bleed for LH 2

tank pressurization, and an ambient helium assembly for repressurization and

LOp expulsion. Also shown are the vent, main engine feed, fill, and drain, LO 2

suborbital dump, and LH 2 horizontal drain subassemblies.

The orbiter side of the interface shows the LH 2 tank purge helium provisions

and the ambient helium fill, fill and drain, maSn tank vent, orbital dump, and

LO 2 suborbital abort dump line provisions.

The Option 3F main propulsion system schematic is shown in Figure 2-10. The

schematic shows all of the Tug main propulsion subassemblies, plus the main

- oellant tank insulation vent and purge. In addition, the schematic shows

t_e fluid lines and hardware located in the orbiter payload bay and orbiter

aft section which are required to support the Tug.

The Option 3F Tug features a Category I RLI0 main engine with GH 2 bleed for LH 2

t'_m_k pressurization, and a heated helium assembly for LH 2 and L0 2 repressuriza-

tion and L0 2 expulsion. Also shown are the vent, main engine feed, fill, and

drain, LO 2 suborbital dump, and LH 2 horizontal drain subassemblies.

The orbiter side of the interface shows zhe LH 2 tank purge helium provisions

and the a.mbient helium fill, cold helium fill, fill and drain, main tank vent,

orbital dump and LO 2 suborbital abort dump line provisions. This Tug also

requires connections and lines for LH 2 and L0 2 fuel cell reactants.

2.5.3 ACPS

' Option 3I ACPS system is of a simple monopropellant blowdown design.

Propellant (N2H h) is stored under pressure in three spherical tanks. The tanks

are half loaded (by vacuum loading scheme) with propellant, the other half of

the tanks, separated from the propellant by an elastic diaphragm, containing

_:_=_n _a_ under oressure. A schematic of the ACPS is 3hown in Figure 2-ii.
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1
SEE IN,,A I N

SCHEMATIC

GN 2 FILL {CAP

AFTER SERVICING|

PURGE. EVACUATION.

ANDN2H 4 FILL

(CAP AFTER SERVICIN

MODULE ISOLATION
VALVE - (TYPICAL)

I C'_J L _'T ' _i'_ll V ALVE S / _C _C _C_ THRUSTER VALVE_

(CLOS_ _ WHILE IN / I"
PAYLOAD BAY) Y NcL

\
ROCKET RESEARCH

MR-3C (4 PEa MODULE, _

Figure 2-11. ACPS Schematic - Opt,on 31
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four thrusters, via a propellant feed system. The thruster arrangement affc

6 degrees of freedom for attitude control. A network of isolation valves iJ

_- propellant feed system provides fail operational/fail safe performance.

The major performance characteristics of the system are presented in

T_ble 2-5 followed by a description an_ source identification of the major

components in Table 2-6. The schematic shows the propellant tank manifolda

feed system to the ACPS thrusters, and the APS thruster modul_ isolation w

required to achieve fail operation/fail safe reliability. The schematic ai,

shows provisions for filling and draining propellants and pressurization w:

nitrogen.

The Option 3F ACPS system utilizes bipropellants (_4H/NR0h) pressurized by

regulated helium supply. The helium is stored in a 1.0 cu ft high pressure

sphere and regulated to the propellant tanks by a network of redundant regl

lators. The propellants are contained within teflon bladders inside spheri(

propellant tanks. The propellants are initially vacuum loaded and then pre._

surized by the regulated helium. Propellant is directed to each of four

thruster pods, via a propellant feed system. A network of isolation valves

the propellant feed system provides fail operational/fail safe performance,

Each thruster pod contains four thrusters; two 90 lbf axial thrusters and

two 22 lbf t_zential thrusters.

',_hemajor performance characteristics of the system are presented in Table

followed by a description and source identification of the major component_

Table 2-8.

The schematic of the Option 3F ACPS system with instrumentation is present_

Figure 2-12. The schematic shows the fluid diagram as -_ell as the electri,

circuitry required for the regulated helium pressurization system. Illustr_

are the propellant tank manifolding, feed system to the thrusters, and the

thruster and thruster module isolation vslving required to achieve fail

operational/fail safe reliability. The schematic also contains provisions J

filling and draining propellant_ and for loading ambient helium. A detaile(

discussion of system operation is contained in Voltcme 5-



T_ble 2-5

ACPS PERFORMANCE SUMMARY

Maximum Total Impulse Capacity

Maximum Total Impulse Required

System Loaded Weight at Maximxml

Total Impulse Capacity

System Loaded Weight at Maximtm_

Total Impulse Required

Thrust Level of Thrusters

Degrees of Freedom of Attitude Control

Fail 0perationa/Faii-Safe ACPS

Thruster Arrangement

Total Number of Thrusters

Number of Propellant Tanks

65,000 Ibf/sec

50,700 Ibf/sec

hh0 ibm

380 Ibm

29.8 ibf blowdown

to 17 ibf

6

Yes

h Pods of _ each

16



Table 2-6

ACPS MAJOR COMPONENT DESCRIPTION

Thrusters:

Number Required

Model Number

Manufacturer

Previous Programs

Propellant Tanks :

N_ber Required

Previous Program

Diaphragm Material

Size

Volume (each)

Operating Pressure

Burst Pressure

Empty Weight (each)

16

MR-3C

Rocket Research

Transtage

3

P-95

AFE-332

22 in. Dia Sphere

5,600 cu in.

350 psia

700 psig

lb. 35 ibm



Table 2-7

ACPS SYST_4 PERFORMANCE SUMMARY

Maximum Total Impulse Capacity

Maximum Total Impulse Required

System Loaded Weight at Maximum

Total Impulse Capacity

System Loaded Weight at Maximum

Total Impulse Required

Thrust Level of Thrusters

Degrees of Freedom of Attitude Control

Fail 0perational/Fail-Safe ACPS

Thruster Arrangement

Total Number of Thrusters

Number of Propellant Tanks

176,000 ibf/sec

lh8,000 Ibf/sec

930 ibm

820 Ibm

90 ibf and 22 Ibf

6

Yes

4 pods of h each

16



ACPS SYST_ MAJOR C(_M)NENT DESCRIPTION

Axial Thrusters:

Number Required

Model Number

Manufacturer

Previous Program

Tangential Thrusters :

Number Required

Model Number

Manufacturer

Previous Program

Propellant Tsnks :

Number Required

Previous Program

Bladder Material

Size

Volume (each)

Operating Pressure

Burst Pressure

Empty Weight

Helium Bottle:

Number Required

Previous Program

Size

Volume

Operating Pressu_ o.

Burst Pressure

Empty Weight

Helium Regulator:

N_mber Required

Model Number

Msaufac turer

Previous Program

Regulator Outlet Pressure

Inlet Operating Pressure

Inlet Burst Pres.s_re

8
B-hD

l_qua_t

Apollo SM

8
_-IE

Marquardt

MOL

2 each, Fuel and Oxidizer

Gemini OAMS

"CO-Disperslon" Teflon

20 in. Dia Sphere

_,130 cu inches

22hi 7 psia

670 psia

9.5 Zhm

1

PTh

15 in. Dia Sphere

1,728 cu inches

3,600 psia

7,200 psig

21.8 Ibm

3

689O
Consolidated Controls

MM III PEPS

22__+_ psia

3,6_O/h50 psig

5,_6o pstg
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The Shuttle 0rblter/Tug Interface (Figure 2-13) is composed of the extenslo

of major Tug subsystem to the Orbiter u are necessary for performing the

major preflight, flight, and post flight operations. These operations are:

• Preflight Ground Testing and Checkout

• Launch Phase Monitoring

• Pre-release Checkout

• Activation of Subsystems

• Deployment of the X_/Pa_yloacl

• Monitoring in Orbiter Proximity

• Monitoring during %h_ Mission Operation

• Command/Control in Orbiter Proximity

• Subsystem Deactivation

• Retrieval of the Tug/Payload

• Stowage of the Tug/Payload

• Passivation and Safing of Tug/Payload

• Return Flight Monitoring

• Safety Provisions

• Ground Support Interfacing

The Shuttle 0rbiter/Tug interface represents the provisions for mating two

major systems -- each of which is capable of independent operation when part

in space. While mated, the Tug is dependent to a degree upon the support c_

bility of the Orbiter and of the ground through the Orbiter. Although passj

during most of the launch and landing periods, continuous safety and subsy_

status monitoring is sustained by the Orbiter crew.

The Shuttle Orbiter conducts many missions which do not include the Tug, h<

ever, and it is essential that the Tug interfaces produce minimum design az

operational impacts upon the Orbiter. In order to minimize these impacts, t

Tug ancillary hardware is designed for easy installation and removal. The

cabin provisions consist of a dedicated portion of the Mission Specialist

Station and mnitiplexed interfaces with the Shuttle Orbiter Data Management

computation, and display equipment. This allows accessing and display of _h
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dedicated panel section, sufficient control to take corrective action.

The principal functions sad hardware groups as listed below are shown in

Figure 2-13.

FL_CTIONS

Operations (listed above and discussed in Section 6)

Safety (discussed in Volume 7)

Structural/Mechanical Support (attachments, mountings, manipulatioJ

provisions )

Fluid/Propulsion Support (fill/drain/vent/purge/abort provisions)

Thermal Condltioni_ S.apport (temperature control provisions)

Avionics Support (electrical/electronics, checkout�monitor�control

provisions, with data management, co--,unications, electric power,

_lidance/navigation/control subsystems )

PBkyload Support (checkout/monitoring, control, caution/warnin6,

safing, electrical power circuits routed through the Tug)

HARI_ARE GROUPS

Tug Support Structure (tilt cable)

Tug Support Attachments (hard points, latches, locks, support fram_

adapters )

Remote Manipulati_ System (IiMS arm is part of Orbiter mechanisms,

Tug-unique end effector with TV and lighting is charged to Tug sup]

Fill�Drain�Vent�Purge�Abort Line Assemblies (includes vacuum-Jackel

low temperature lines and purging provisions)

Fluid Panels and Retraction Mechanisms (purging provisions, locks,

actuators, drives, drive cont.'ols)

Electrical/Electronics Support (instrumentation, sensors, caution

warning circuits, electric8/ cable_,/connectors, interface units, Jl

tion boxes, test points, inhibit functions�circuits�buses, drive

control electronics, TV, lighting)



Option 3F is 1780 ib respectively. This weight is detailed in the WBS Weight

Statement in Volume 5. The hardware groups are described in Volume 5,

cti0n _.

2.7 PAYLOAD INTERFACE SU_Y (WBS 320-03-01-O6)

2.7.1 Option 3 Initial Payload Interface

The payload interface structure is sho_n in Figure 2-1. It consists of a

square frame attached to an eight member open trus_. The truss was sized by a

combination of maximum payload weight and Shuttle flight loads. The payload

loads are tra qsmitted through the truss into the Tug at same forward frame hard

point as the forward tank support. Structural latching between Tug and payload

ec-_s at the corners of the square frame by means of spring loaded pneumatic

operat i _at_he_ _}le i,_vload side of the interface consists of a ring whose

diameter is equal to the diagonal distance across the square frame. A detailed

description of this interface is given in Volume 5, Section h.3, Option i.

There is a .minimum electrical (avionics) interface between the payload and this

,tion, consistie_ of caution and warning signals required by the Shuttle and

routed through the Tug/Tug orbiter interface.

Operationally, deployment is achieved by first mechanically disconnecting the

electrical interface, then pneumatically unlatching the fo'_ corner latches,

all this while the Tug is limit cycling for fine hold, the Tug then backs awe¥

from the payload.

2.7.2 Option 3 Final Payload Interface

To phase the payload interface to the final configuration the initial interface

structure is removed from the stage by detaching the eight truss members from

the forward fraune hard points.

The Option 3 final payload interface str_cture is shown in Figure 2-2. It

consists of four combination docking/structural latches. These latches are

k pring loaded pneumatically operated and located at the corners of a shock

strut mounted square frame. _ne eight struts are pneuma_ically deployed,

hydr:Lulic:_ily retra,:t_d gas shock absorbers. They are structurally locked in



the retracted position by means or pneuma_icaL_7 opera_ea sprlng zoa_ea _nue

ball latches. The interface_ structure was sized by a combination of maximum

payload weight and shuttle flight loads. Be payload loads are carried throu

the shock struts into the Tug at the same forward frame hard point as the fo

ward tank supports. The shock absorbing characteristics of the shock struts

we_re determined from expected docking loads derived from established maximum

dock/ng parameters such as allowable closing velocities, misalignments, etc.

The docking system is capable of retrieving spinning satellites and despinni

them using the friction between the docking latches and the payload docking

ring. Pre-deployment spin-up and post retrieval indexing is provided by mean

of an electro/mechaaical spin system. Details of this system are presented i

Volume 5, Section 2.3. The interface diameter is variable from 8 to 13 ft by

manually interchanging the square frame member.

The docking system is designed to meet or exceed the following contact con-

dition requirements.

Bad/s/ Misalignm?nt

Longitudinal Velocity

Lateral Velocity

Angular Misalignment

Angular Rate

Spin Rate

+6 inches

0.1 to 1.0 FPS

0.3 FPS

+3 degrees

+2. h deg/sec

up to 100 RPM

'l"aeelectrical (a%_ionics) interface consists of the necessary wires, connect

and fittings to provide rely7 of p_Tload caution and warning parameters and

normal payload telemetry data for shuttle transmission while in the orbiter

bay. In addition, the payload may demand up to 300 watts of continuous powe_

while attached to the Tug.

Operationally, payload deployment is achieved by first extending the docki_

frame. This motion assists in disconnecting the electrical interface as the

frame moves aw_y from the sts_e. Once extended, the corner latches are open,

The frame is then retracted and the Tug, which has been limit cycling for f:

hold, backs aw_y from the payload.



ORICJNAL_:::(-_Z15
OF POOR QUALIYV _ _.=__ ____, ..... y. vy_. _iu_o_u orlencaclon has been

established with the laser radar guiding the ACPS, the docking frame is

extended. The Tug then approaches the payload at the prescribed rate and one

v or more docking latches contact the payload's interface ring. The latches are

individually triggered to the capture position as they make contact. The spin/

indexing system is then moved into contact with the payload I/F ring, and the

payload rotated to proper orientation for remake of the electrical interface.

The indexing system is retracted and the latches moved to the structure locked

position. The frame is then retracted and the ball latch latched.

2.6 AUXILIARY (KICK) STAGE SUMMARY (WBS 320-04-01)

The use of a kick stage (Figure 2-1h) on four of the NASA planetary missions

(19, 20, 21, and 23), with both initial and final Tugs, and one DOD mission (llak

with the initial configuration, allows these missions to be flown in a reusable

mode with the Tug. These were the only missions where the use of a kick stage

was required.

range of acceptable kick stage sizes was established parametrically for the

vNASA missions. A survey of existing solid rocket motors was made in an attempt

to identify an existing stage which could be utilized for the Tug missions.

Several constraints, such as stage length and thrust to weight were used in

making the final selection. The stage most nearly meeting the requirements was

the second stage of the Polaris A3. This stage is considerably over sized for

the DOD mission but can be flown in an off optimum m_aner. The use of a smaller

kick stage was not considered cost effect__ve.

Since it is only used on one flight with the initial Tug, design details of

this stage are classified and may be found in the confidential documment

Rocket Motors Manual (U), Unit hll, Chemical Propulsion Information Agency,

Jonn _opkins University.

In an attempt to minimize changes to a standard Tug/payload Interface, the

_g/payload/kick stage interface shown in Figure 2-i_ was conceived. By

_eplacing the standard "lhlg/payload interface truss with the one shown, the

Tug/payload interface remains the same, with the exception that the interface

plane moves forward. The longer struts allow the kick stage to interface
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directly with the payload interface ring. There is no direct structural

interface between the Tug and kick stage. The longer struts were designed by

_,he combined pa_load kick stage loads. Electrical interface between Tug and

kick stage is accommodated through the Tug/payload electrical interface panel.

In essence, the kick stage appears as part of the payload to the Tug.

Operationally, the %%Ig separateu from the pa_fload/kick stage combination in

the same manner as separating from a payload. The _ provides the proper

flight path angle prior to separation. After an appropriate separation distance

is established, the kick stage is fired completing the payload velocity

requirement. The kick stage must provide thrust vector control during its burn.

The tug is then free to return to the Shuttle.

2.9 _h_SS PROPE/RTIES SUMMARY

2.9. i Weight

The weights are summarized in Table 2-9 for Option 3 initial and Table 2-10

for Option 3 final. _"ne weight breakdown is structured after the WBS breakdowl_

aud contains a ten percent contingency on the total dry weight. A new eleJment

has been added called margin, which has permitted the _eight analysis to con-

tinue to be refined up to the last moment and not force an iteration of the

programmatics. This margin although small, 2.7 percent for Option 3 initial

and i. O percent for Option 3 final have increased confidence that the stage

mass fraction can be achieved.

The weights presented herein are based upon the design defined in Volt, me 5,

Book 3, Section 2. Additional weights and definition is included in the above

volume, in Section 3, along with total vehicle mass properties.

2.9.2 Center of Gravity

Fig_res 2-i5 and 2-16 fllustra_e the limits for the three selected mission

ooints for Orbiter center of gravity landing constraints. The only cg outside

these limits is the _hllly i6-'_ded Tug with interface prowisions. This cg con-

-_traint is applicable during abort for subsonic and b_rsonic flight. This

constraint is met by dumping approximately 20 percent of the i_3X propellant

during main orbiter burn with the re_ms/ning LOX dumped 30 seconds aufter MECh.



Table 2-9

OPTION 3 INITIAL

WEIGHT STATEMENT FOR DEPLOYMEW_ MISSION

Structure

Fuel Tank and Supports

LOX Tank ,_nd Supports

Body Structure

Shell

Supports
Thrust StrucK,are

Meteoroid Protection

Payload Interface

Thermal Protection

Fuel Tank Insulation

LOX Tank Insulation

Insulation Purge

Control System

Avionics

Data Management

_dance and Control

Communication

Ins trument at ion

Electrical Power Source

Power Distribution and Control

Equipment Thermal Control

Propuls ion

Main Engine

Main Engine Support

ACPS Engine

AC'I_ _ine Support

Dry Wei_t
Contingency

Margin

Total Dry Weight

Residuals

Burnout Weight

Usable Propellant (MR h.5/l)

ACPS

_isc

Infllght Losses

Orbiter Launch Weight Less Payload

Payload

Orbiter Launch Weight

Orbiter Interface - Cargo Bay

Orbiter Interface - Remaining

Mdsc

Ground Launch Weight

5,8_8

6,606

7,h70

59,33h

62,83h

65,000

2,621

20h

1,h57

1,566

585

173

86h

51,86h

3,500

1,627
270
269

951
_h

1,o82

113

69

112

101

15
85
3

222

132

166

215

487
9o

14h

293
1,134

66

73

51,212

236

416

81
2(

-- _fA



Table 2-10

OPTION 3 FIJLEL

WEIGHT STAT]_(ENT FOR RETRIEVAL MISSION

Structure

Fuel Tank and Supports

LOX Tank and Supports

Body Structure

Shell

Supports

Thrust Structure

Meteoroid Protection

Payload Interface

Thermal Protection

Fuel Tank Insulation

LOX Tank Insulation

Insulation Purge

Control Syst_n

Avionics

Data Management

Guidance and Control

Communi cat ion

Instrument at ion

Electrical Power Source

Power Distribution and Control

Equipment Thermal Control

Propuls ion

Main Engine

Main Engine Support

ACPS Engine

ACPS Engine Support

Dry Weight

Contingency

Margin

Total Dry Weight

Residuals

Burnout Weight

Usable Pr.npellant

ACPS

Misc

Inflight Losses

Orbiter Launch Weight

Orbiter Interface - Cargo Bay

Orbiter Interface- Remaining

Misc

Ground Launch Weight

5,6h6

7,160

63,120

65,000

2,?20

308

1,303

1,313

565
h3

9o6

55,96o

1,510

_0

951
291,

1,063

113

69
230

80
85

3

277
ii0

166
_9

99
162

293

792
78

150

5h ,661
h61

838

878
185

Tug Mass Fraction = 0.866
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and 6, respectively.

2.10 RELIABILITY SUMMARY- OPTION 3I AND 39

Two reliability design requirements were used to evolve the Tug configuratio_

The first was to a-sure a minimum reliability of 0.97 for the overall Tug

system; the second was to assure all subsystems met the defined failure tol-

erance criteria, i.e., they were fail safe as a minimum _ad fail operational;

fail safe for critical functions. These two requirements are met by the

Option 3I and 3F configurations for the si_te stage Tug and are obtained fo,

the augmented Tug as shown in the following paragraphs. 'fables 2-11 and 2-12

su_aarize for Options 3I and 3F the major subsystem reliabillties and the

associated redundancy level necessary to meet the fail_Jre tolerance criteria

and system reliability requirement.

Its presently predicted Reliability is 0.982. Two of the possible alternate_

to meet the Option 3I Tug Reliability requirements of 0.97 with a kick-stage

1. Make one critericn for kick-stage selection that will have a 0.98h7

Reliabil:.ty for a 26 hour mission.

2. Increase the single stage 'rug Reliability to 0.9878 for the same

mission ":_ime.

Figure o_-17 (Option 3-I) shows that for a mission time of 26 hours, the _nh_

would have a 0.98'50 reliability, hence requiring a Reliability increase of

0.0028. Referring to Table 2-15, it is seen that this would be exceeded by

adding a redundant r_um_uter/DCU/SCU and also increase the possible mission

times to 140 hours _ seen on Figure 2-17.

Figure 2-18 (Option 3-F) shows that for augmentation _-ith a kick stage, the

Tug Reli_bili_" requirement is still met, althou6h the margin by which it

exceeds O. 9700 is less than for Option 2. This difference between Options

and 3-F results frcB Option 3-flnal having twice the number of ACPS fuel tam

due to the added usage of the aft th_sters for propellant settling. This he

the effect of slightly decreasing the Option 3 final reliability as shown oz

Fi_-Jr e 2-18.



Table 2-11

REDUNDANCYSUMMARY- OPTION 3I

__. Subsystem/Reliability Redundancy Level

Structures (0.999999)

Propulsion (0.991hO4)

Main Engine

Main Engine Support System

ACPS

Thermal Control

Avionics (0.9919h7)

Interface Systems (0.999871)

P/L Separation

Tug/OSS Separation

None - Design per MSFC HDBK 505

None - Fail safe shut down

Component - Fail safe shut down

Component - Fail operatlonal/fall safe

for critical functions

None - Not critical per failure

tolerance criteria

Component - Except for computer which

uses RDP for backup of stability function

None - Fail safe

None - Fail safe (Crew EVA action not

included)

TOTAL RELIABILITY SINGLE STAGE (0.983221)



Table 2-12

REDUNDANCY SL_4ARY- OPTION 3F

Sub syst era/Re liability Redundancy Level

Structures (0. 999999)

Propulsion (0.986785)

Main Engine

Main Engine Support System

ACPS

Thermal Control

Avionics (0.995617)

Interface Systems (0.999807)

P/L Separation

Tug/0SS Separation

None - Design per MSFC _DBK 505

None - Fall safe shut down. Redundant

Feed Shutoff Valves provided in the

Support System.

CGmponent - Fail safe shut down

Component - Fail operational/fail safe

for critical functions

None - Not critical per failure

tolerance criteria

Ccnponent - Except for the GNC laser

radar and TVC battery whlch are not

critical to orbit safety.

None - Fail safe

None - Fail safe (Crew EVA action not

included)

TOTAL RELIABILITY SINGLE STAGE (0.982268 FOR i_4 HOUR MISSION)
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Table 2-13

TIME/E-FACTOR StN4ARY

Mission Phase Duration-Hours K-Facto

Launch and Boost

In Orbiter Bay (Coast)

coast

bug Engine Burn

Reentry

_on-Operatlng

Mission Dependent i

l/2 7

z/_ 7

Mission Dependent 1125
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The _uxiliary Control Propulsion System and Avionics redundancies provide f_

operational/fail safe for cJ-itical functions in these subsystems.

A complete definition of the failure tolerance criteria and the compliance b_

subsystem is contained in Volume 5, Section 6. Essentially, the criterion i_

defined so that no single _ failure may result in a hazard which Jeopardiz,

the flight or ground crews.

The subsystem and system reliability prediction used standard methodology. T]

environmental adjustment factors (K-factors) and mission phase durations use(

are given in Table 2-13. Reliability calculation are based on:

R-- 1 --

n

Ai H i T i

i=l

where there are n items in the system, there are N of the ith item, and the

failure rate (A) is adjusted as shown in the detail assessment sheets of

Volume 5, Section 6.

Redundancy selection considered the system reliability requirement, weight

penalty and cost implications. Redundant items were added sequentially in or(

of the largest reliability improvement per pound of added weight first to ma

tain low RDTAE costs and secondly to achieve the most Reliability improvemen

per added pound of weight. Tables 2-1h and 2-15 show the rellablllty/welght

relationships for Options 3I and 3F. Considering the Burner II as representa _

of a kick stage.

2. ii SYSTEM SAFETY SUMMARY

This Option 3 Tug when designed, produced, and operated under the constraint

of the criteria and requirements shown, will frum a safety standpoint, pro-

vide NASA with a vehicle well within an acceptable risk level for the Space

Shuttle Program. The following features should be incorporated.



Table 2-12

OPTION 3I : RELIABILITY/WEIGHT SUMMABY

36 HOUR MISSION; 1 PAYLOAD DEPLOYED; BASELINE _R = 0.9339

No. Items No.

in System Redundant Nomenclature

hO 20

6 3

2 1

h 2

2 1

2 1

i0 5

2 1

2 1

12 6

2 1

2 1

PWR Distribution

Inertial Mea Unit

ACPS Press. Xducer

ACPS Temp Xducer

Remote Data Processor

Star Sensor

Module Int Unit

Tape Recorder

Orbiter Elect interface

Comm Comps

Inst and Software

Comp/DCU and SCU

Total _Increase

_Weignt in H per

in Lb Lb Wgt

Redundant

System

20 0.00Oh 0.9h19

50 O. 0003 0.9587

1 0.0003 0.959O

I O. 0002 O. 9592

ii 0.0o02 o.9617

16 o. oooo8 0.9629

135 0.0ooo7 o.9729

20 o. 00006 0.97_i

20 o. 00006 o. 9753

h5 0.00005 o. 9777

IO0 0.00005 o. 9827

26 0.0003 o. 9897



Table 2-15

OPTION 3-F: RELIABILITY/WEIGHT SUMMARY

i_ HOUR MISSI0._; ROUND TRIP; BASELINE R = 0.7718

No. Items

in System

Total A Increase

No. AWeight in R per

Redundant Nomenclature in Lb I_ Wgt

Redundant

System R

6

_o

6

2

8

2

2

2

12

2

12

2

2

2 o.ooo9

1 Ii O. 0007

1 IO o.ooo45

1 i00 O. 0003

6 160 O. 0002

3 Inertial Mea Unit i0 0.0063

20 Pwr Distribution i0 0.0015

3 ACPS Pre_s. Xducer 3 0.0012

1 Computer/DCU (Plus 26 0.0010

Internally Redundant

sou)

ACPS Temp Xducer

Remote Data Processor

Star Sensor

Inst and Software

Module Int Unit

Components

1 Tape Recorder 20 0.0002

6 Comm Components h5 O. 0002

1 Fuel Cell h5 O. 0001

1 Orbiter Elect Interface 20 O- 00007

o.83h8

o.8h98

o.853h

o.8795

0.8813

O. 8893

O. 8938

0.9248

O. 9629

O. 967h

o. 976_

O. 9801

0.9823



Design

Burst discs and relief valves in the Aces, Pneumatic supply system,

Ambient Helium system and the tank purge system. These systems will

went to the Tug overboard vent system.

2. Incorporation of relief valves on the insulation purge bags.

3. Incorporation of separate shut-off valves for the GHe supply to the

purge bags to preclude cross flow of leaked propellants through the

system.

4. Identified single point failure of thruster chamber valve either by

leakage or inadvertent operation. Valve design selection changed to

provide two series valves, one normally closed and the other capable

of latching in either the open or closed position.

5. Identified system inhibit and override functions.

6. Incorporate a container for each battery to retain leaked/spilled

electrolyte.

.11.2

i.

2.

Q

Product ion

Established leak rate levels of GHe for H2 system tests.

Provided preliminary ana/_ses of refurbishment concepts to assure

identification of hazardous functions and to reduce exposure to the

haz,Rrds; i.e., safing of pressurized systems prior to disassembly,

monitoring for toxic vapors, testing pressurized systems at levels

acceptable for personnel exposure.

Preliminary analyses of the proposed materials and the fabrication

methods shows no hazards with which MDAC is not already handling

satisfactorily.

o

Operations

Provided preliminary analyses of operational concepts to assure

identification of hazardous operations and sequencing those operations

to reduce exposure to these hazardous operations; i.e., pressurization

of GHe pressure vessels with a 2:1 design ratio to a level not to

exceed h:l when operational personnel are exposed; restraints in

storable propellant loading and detanking, etc.

Identified items for crew warning/caution monitoring, hazard potentials

at the tilt table interface, and at the Tu_/orbiter hard n_i,t_



re--entI_.

h. Determined toxicity levels for by_azine and established require-

ments for monitoring after the monoprope11_t system is filled.

5- Assisted in analyzing hazards related to abort and post landing

recovery.

6. Performed calculations to determine impact of fluids on the orbiter

bay. These calculations are shown in Vol 7 paragraphs 5.1 through 5.

2.ll.h Residual Hazards and Rationale for Acceptance 3I

The residual hazards identified to date are corrosion, fire, explosion, press

and toxicity. The materials or situations which fit into any of these four ca

gories have been itentified and the rationale for acceptance analyzed for eac

of the following cases.

Analysis and Rationale for acceptance of each of these hazards is discussed i

detail in Volume 7.

2. ii. 5 Residual Hazards and Rationale for Acceptance 3F

The residual hazards identified to date are corrosion, fire, explosion, press

and toxicity. The materials or situations which fit into any of these four ca

gories have been identified and the rationale for acceptance analyzed for eac

of the following cases.

Analysis and Rationale for acceptance of each of these hazards is discussed i

detail in Volume 7.



Source Doc at i on

Corrosion

}_ydrazine ACPS

Potassium Hydroxide Batteries

Fire

H_drogen

Hydrazine

Thermal Insu/_tion

Wiring Insulation

Bonding Resins

LH 2 Tank and Batteries

ACPS

Encapsulates Tanks

General

Genera/

Explosion

Hydrogen LH 2 Tank and Batteries

H,Mdrazine ACPS

Pressure

H2

O2

GH e

GN 2

Propellant Tanks, Pressurization

and Pneumatics Purge System and ACPS

Toxic ity

GN 2

GH 2

ere
KOH

Hydrazine

Pres surant

Propellant

Purge

Batteries

ACPS



OPTION 3F

Source Location

Corros ion

Monomethy/Hydrazine ACPS

Nitrogen Tetroxide ACPS

Fire

Hydrogen

Monumethy/Hydrazine

Thermal Insulation

Wiring Insulation

Bonding Resins

LH 2 Tank Fuel Cells
ACPS

Encapsulates Tanks

General

General

Explosion

Hydrogen LH 2 Tank and Batteries

Monumethy/Hydrazine ACPS

Pressure

H2

02

G.e

Propellant Tanks, Pressurization

and Pneumatics PurKe System and ACPS

Toxicity

GN 2

GH2

MMH

 20h

Pressurant

Propellant

Purge
ACPS

ACPS



Section 3

PERFORMANCE AND CAPABILITIES

3. i SYSTem4 PERFORMANCE SUMMARY

3.1.I Mission Performance

The performance capability was computed for each mission in the mission model

and for each mission mode--deploy, retrieve, round trip, and expendable.

q'ab!e 3-1 su_narizes the general mission descriptions. 'fhe performance

results are given in Tables 3-2 and 3-3. A discussion of t}.e derivation

and application of these data is presented in Vol. IV, Section I.i, l.h, sund

1.5.

3. i. 2 Performance Envelope

_he parameteric performance capabilities (payload vs velocity curves) are

_presented in Figures 3-i through 3-6 for 28.5 deg, 55 deg, and 90 deg

inclinations, respectively. Additional details of the inputs and applications

of these data are given in Vol. IV, Sections I.I, 1.3, and 1.h. The numbered

diamonds indicate the performance requirements for each mission.

3.2 MISSION CAPTURE

Missions for Option 3 commence _'rom ETR in 1980 and from WTR in 1983. The

total number of payloads scheduled for deployment by this Option is 387 and

for retrieval is 171. Since some deployment missions carry multiple payloads,

371 total missions are required. The configurations are potentially capable

of accomplishing all of the missions identified. The availability of the

Shuttle for tug flights in 1980 limit Rag flights to 3 and in 1981 limit tug

flights to 21. To effectively use this launch rate in 1980 flights were

selected NASA flights to aid in the development in a logical manner. In 1981

he 2 smallest payloads were left out since they could most easily be flown

_on current expendable launch vehicles.
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C_NFI GURATI _N _P'I" 31

Nl SSI _N GRgSS-WT

V-BUT

62665.00

1 3972.00

I-8

STAGE

PL-R_11ND

V-BACK

I_#S @ 4,s.I
1180.76

13920 • 00

_JT=TAT0.00 I SP=441.80 DELl SP=4.00
GMK c55:,

PL-DEPLmY PL-RETRI EVE PL-EXPI_q[

35_,l
3172.11 1880.90 15'770.11

! -84 62665.00

13890.00

1231.27

13920.00

3307.79 1961.36 15905.79

i -8B 62665.00
14190.00

868.42
14220.00

2383.23 1366.29 15413.22

9 62665.00

14160.00

809.44

14350.00

2241.96 1266.82 15462.01

10 50665.00

9700.00

5310.99

9700.00

10574.20 10670.20 17976.98

I OA 62665.00

12760.00

2767.37

12760.00

6846.79 4644.70 17358.35

!1 62665.00
! 2450,00

3228.05
12450.00

781,2.70 5500.94 18421.96

"-!2 32665.00

2285.00

16144.57

228 5.00

18987.95 107813.19 20303.55

13 32665.00

8400.00

2440.66

8400.00

4430.96 5433.60 10522.55

134 62665.00

13460.00

1798.80

13460.00
4677.18 2922.94 16639.40

13B 50665.00
! 1200.00

28 59.24
! 1200.00

6332.44 5213.06 15406.43

14 32665.00
3600.OO

12122.56

3600.00

15652.73 53751.35 17828.04

15 26665.00

1700.00

13476.58

! 700.00

15205.26 118538.25 16163.46

16 26665.00
1120.00

15274.58

1120.00

1 6538.70 199841.87 17156.90

17-8 62665.00

13140.00
2154.20

13250.00
5518.38 3533.60 17184.18

19 62665.00

1 6740. O0
.00

I7210.00

• 00 .00 11623.93

_0 _'_6_.00 .nn .nn .nn aqnh. I !



JLt:tUJ.t_ .D--" l.t,UllUJL/IU.l¢tt/

->3

>.,q

)11

)10

)lOP,

)5

)3

)12

)16

62665.00

24600.OO

62665.00

18720.00

62665,00

22500.00

62665.00

13930.00

48 665.00

8500.00

_0665.00

9800.00

.00 .00

25500.00

• 00 .00

19 550. O0

•00 .00

23500.00

1200.44

! 3930.00

7086.95

8 500.00

5130.80

98 O0 •O0

3227.25

12957.84

10288.22

.00

.00

.00

1911.44

15641.85

10235.13

26665.00 13269.42 15046.12 112373-37

1770.00 1770-00

48665.00 1576.80 3657-12 2771.98

I 1850,00 ! 1850-00

1855-46 4324.84

11920.00

17367-61 17995.17

500.00

16163*48 17168.87

850.00

50665.00

11920.00

26665.00

500.00

26665.00

8 50 •O0

3249.63

498015.37

276020.25

3458.35

9120.04

5215.34

158 39 • 50

19146.04

17796.97

16oa6.3o

13512.44

14266.47

18265.09

17633.52



COJNFIG_RATI ON _PT 3F

NISSI gN GRgSS-_YT

v-gUT

I--8 62665.00

13972.00

62665.00

! 3890.00

I -8A

I -8B 62665.00
14190.00

9 62665,00

14160.00

I0 50665.00

9700.00

10A 62665.00
! 2760 • O0

1! 62665.00

12450.00

12 32665.00

2285.00

13 32665.00
8400.00

I3A 62665.00
13460.00

13B 50665.00
11200.00

14

15

32665.00

3600.00

2H, Ostgg

I6 26665°00

1120.00

17-8

19

STAGE WTffi7160.00 I SP=441.80 DELl SP=4. O(
I_K" ._ _" I

PL-ROUND PL-DEPL_IY PL-RETRI EVE PL-F_XP!
V-BACK

20

1490.76

139 20 • O0

I t. P--1 @

1 5hi .27

13920.00

4004.91 2374.72 16080. I

5,o'.t 43_c)
4140.60 2455.17 1621 5."

i 178.42

14220.00
3233.96 1854.01 15723."

! 119.44
14350.00

3 lO0.58 1751,99 ! 5772,(

5620.99

9700.00

11191.41 11293.02 18286. c

3077.37

12760.00

7613.76 5165.00 18168.:

3538,05

! 24 50 • O0
8562.98 6029.21 18731 ._

164 54 • 57

228 5. O0
19352,54 109883.37 20613. f

2750.66

8_00.00
4993.76 6123.75 10832.!

2108.S0

13460.00
5483.23 3426.67 16940._

3 169.24

I 1 200. O0
7019.00 5778.27 15716.,

12432.56

3600.00

I 60 53,01 55125.88 13 138.(

15555.03 121265.00 16473.,

15584.

!120.00
l _74.35 203897.69 I 7O66. c

62665.00 2464.20 6312- 50 4042. I I 17494.
13140.00 13250.00

62665.00 .00 .00 .00 11933.!

16740.00 17210.00

62665.00

23550.00
.00

24 500. O0
• 00 .00 4614.



23

24

DII

DI0

DI 0A

D5

D3

D-jA

DI2

DI6

62665.00

2a600.00

62665.00

18720.00

62665.00

22500.00

62665.00

13930.00

48 665.00

B 500.00

50665.00

9800.00

26665.00

1770.00

48 665.00

11850.00

50665.00
! 1920.00

26665.00

SO0.O0

26665.00

850.00

Table

.90

25500.00

.00

19550.00

.00

23500.00

1510.44

13930.00

7396.95
8500.00

5a4o.8o

98oo.oo

13579.42

1770.00

1886.80
11850.00

2165./46
11920.00

I7677.61

500 -JO

16473.48

8 50.00

3-3 (Continued )

.00

.00

.00

4060 • 65

13524.64

10909.83

15397 • 62

4376. I I

S047.41

18316.37

17498.1 6

.00

.00

.00

2405.04

! 6326.0 5

i 08 53.53

114998.62

3316.95

3*/92.55

506904.62

281314.06

3768.35

9430.04

5525.34

16149.50

19456.04

18 106.97

16356° 30

138_2o 44

14576.47

18 575.09

17943.52
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i_clude the following:

Initial Confignlraticm

i. Basic TuE-reusabie (deployment)

2. _asic TuE-expendable (deployment)

3. Basic Tug plus Polaris class auxiliary stage (deployment)

h. Basic Tu_-dedieated mode

Final Configuration

i. Basic Tug-reusable (deployment sad retrieval)

2. Basic Tug-dedicated mode

3. Basic Tug-reusable multiple mission (multi-deployment�single

retrieval )

The scope of the flight operations to accomplish the necessary missions

include a total of 370 launches divided as follows :

i. NASA Mission Launches

a. ETR 179 (82 Initial, 97 final configuration)

b. WTR 37 (h Initial, 33 final configuration)

2. DOD Mdssion Launches

a. ETR 129 (38 Initial, 91 final configuration)

b. WTR 21 (6 Initial, 15 final configuration)

3. h reflights (I Initial, 3 final configuration) required to

accommodate mission losses due to failures.

The annual launch rate is summarized in the accompaz_]ring flight schedu/es

_ables 3-h, 3-5, 3-6, 3-7, _nd 3-8 for NASA and DOD and for ETR and _'i'h.

3.3 FLEET SIZE

The fleet size requirements for this pro_rsm involve the requirements for twq

different ,T',_.g vehicle_ (the initial configuration with somewhat limited capa

bilities and the final configuration which incorporates retrieval capability

and increased on orbit stay time). Factors which affect the fleet sizing ar



Table 3-h

FLIGHT SCHEDULE

TUGCONCEPT OPTION 3

LAUNCHSITE ETR/WTR

COMPANYMDAC

AGENCY NASA/DOD

79 80 81 82 83 84 85 86 87 88 89 90 Total

Tug (basic)**

Auxiliary Stage

Drop Tanks

( Other )

Shuttle

3 21 23 36 4h 40 hl 40 38 41 hl 370

(2) (i) (2) (3) (2) (i0)

i* 1

i* 3 21 23 36 hh hO 41 hO 38 41 &l 371

• ) Denotes number expended.

Remarks : 33 payloads not accommodated due to Shuttle limits of 3 Tug flights

in 1980 and 21 in 1981

*IVU test flight

**Includes reflights due to Tug reliability losses



FLIGHT SCHEDtHR

TUG CONCEPT OPTION 3

IAUNCH SITE ETR AGENCY

COMPANY MI]AC

NASA

79 80 81 82 83 8_ 85 86 87 88 89 90 Total

Tug (basic) 3 lh 12 15 22 22 _ 18 15 20 18 179

Auxin_ stage (2) (2) (3) (2) 9

Drop Tanks 0

(Other) i* I

Shuttle I u 3 lh 12 15 22 22 20 18 15 20 18 180

( ) Denotes Number expended.

Remarks: 13 NASA payloads not accomplished due to Shuttle limit on Tug fligh

mlVU test flight



TUG CONCEPT

LAUNCH SITE

COMPANY MDAC

FLIGHT SCI{_DULE

OPTION 3

ETR AGENCY DOD

79 80 81 82 83 8h 85 86 87 88 89 90 Total

Tug (basic) 7 i0 13 17 Ii 12 lh 16 12 17 129

Auxiliary Stage (i) (I)

Drop Tanks 0

(Other ) 0

Shuttle 7 i0 13 17 ii ].2 lh 16 12 17 129

( ) Denotes number expended.

marks: 20 DOD payloads not accomplished due to Shuttle limit on Tug flights

k.v



TUG CONCEPT OPTION 3

LAUNCH SITE WTR AGENCY NASA

CCMPARY ME_C

79 80 81 82 83 8_ 85 86 87 88 89 90 Total

Tug (basic) h b 6 h 6 h 5 h 37

Auxiliary Stage 0

Drop Tanks 0

(Other ) 0

Scbuttle _ h 6 h 6 h 5 h 37

( ) Denotes number expended.

3-18



TUG CONC_T OPTION 3

IAUNCH SITE WTR AGENCY DOD

COMPANY MDAC

79 80 81 82 83 8_ 85 86 87 88 89 90 Total

Tug (basic) h 1 2 5 2 2 h 1 21

Auxiliary Stage 0

Drop Tanks 0

(Other ) 0

Shuttle 4 1 2 5 2 2 h 1 21

( ) Denotes number expended.

3-19



._ .... _ _.......oo_vuo xL, uu_ lu._ year OZ operations, toe first year

and the peak year and (3) the ground turnaround time.

A candidate usage and Tug introduction schedule is presented in the accompany

ing chart.

At the top of the chart, the number of flights per year is shown and the numb,

of Tug expendable flights. The number of Tugs required were established by

first determining the number of Tugs necessary to accomplish the 1990 require

ments and working backward from that point to 198h. The maximum number of

flights any Tug can perform in a year is established first by summing the Tug

ground turnaround time and the mission time which results in the minimum

mission tu/-aax_und time. In Option 3 the ground turnaround time is as follow:

Configuration

Ground Turn-

around Time

(Days)

Average

Mission

Time (Days)

Average Mission

Turnaround Time

(Days)

Initial 28.0 i. 7 29.7

Final 29.0 3.3 32.3

Using this number and assuming that the maximum number of flights that an

expended Tug can make in the year that it is expended is 6 (one-half the

maximum turnaround in a year), the fleet of 5 for 1990 is established.

Working backward from there it can be seen that in 1989 the three expendable

requirements and the necessary vehicles used in 1990 make up the inventory

requirements. In 1984 the initial Tug flights are limited by its capabilities

(it is able to perform only 17 of the hh flights) thus the final configu-ation

initial year fleet is established to accomplish the remaining flights. The

initial Tug fleet size of h is established by the 1983 requirement of 36

flights.

The resulting data show that to carry out the operations a total of 12 Tugs

is required of which h are initial and 8 are final configurations.



venlc-es are requAred _I initial and 3 fins/ configurations). Thus the tots/

fleet size necessary is 16 of which 2 initial configurations are required at

10C (1980) and _ final configurations at IOC (198_).

The equal usage schedule is presented in Table 3-9.



EQUAL USAGE SCKE_ULE

OPTION 3

80 81 82 83 8_ 85 86 87 88 89 90 Tot_

Number of

Flights

Number of

Expended

Tu_s

Tug ID
1

2

3

5

6

7

8

9

i0

ii

12

Reflights/

Losses

3 21 22 36 hh hl hl hO 37 hl hO 366

2 9 Y i0

l 8 9 10

2 10

6

2 1 3 1 8

32

32

5 7 5 33

h 6 8 5 33

9 8 6 h h 2 33

9 8 6 h h 2 33

9 8 6 h h 2 33

h 610 2 5 6 33

iO 3 i0 6 33

3 IO i0 i0 33

i0 5 9 24

5 9 lh



Section

OPERATIONS

h. I FLIGHT OPERATIONS

The work breakdown structure for the Tu_ Study divides the flight operations

into four areas or blocks, namely: Mission Planning, Flight Control, Flight

Evaluation, and Flight Support Software. The methodology for deriving the

manpower requirements for each of these is presented in Volume 6.

Option 3 is a phased program consisting of two distinct configurations. The

initial configuration is operations/ for four years before the final configu-

ration is introduced and overlaps the final configuration operational period

by _ years for NASA Tugs and 3 years for DOD ?ags. The final configuration

_as a seven year operational life. The initial configuration has a level IV

_utonomy, a 3 day mission duration and no rendezvous, docking or spin-up

capability. The final configuration has a level III autonomy, a 6 day mission

duration and has rendezvous, docking and spin-up capabilities. The appropriate

factors including proportional values for the years during the overl_? -_f the

t_o configurations, the number of flights and the mission times were input

into the computer program and the resulting manloads were obtsdne_. These

are presented in Tables h-i and h-2 and in Fl_/res h-i and _-2.

h. 2 GROUND AND LAUNCH OPERATIONS

The resu/ts of the 6round and launch operations analysis include the detailed

definition of all ground and launch operations actiTities, equdlment , manpower

and schedules at both the Eastern Test Ran6_ (KSC) and Western Test Ran6_

(VAFB) which are reqttired to support both NASA and DOD Tug missions.
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The overall study/program objectives which related to the ground and launch

operations are:

• Low cost, development and operational, shell be a prime objective J

the attainment of the Space Tug capability.

• The Tug shall be fully reuable capable of operating throughout the

program duration with refurbishment/replacement of life limited

components as required.

• The mission success reliability goal for the Tug _hall be 0.97

minimum for all mission phases.

• The Space Tug will be designed to be returned to earth in the Shutt

and be reused; reusability with minimized maintenance/ground turn-

around cost is a design objective.

• The Tug shall achieve reasonable turn-around times and effective

mission cost by reducing as much as possible, maintenance and

inspection of systems, resulting in minimum subsystem replacements

between flights.

Consideration of these objectives resulted in the identification of eleven

_E analyses which were evaluated to determine the requdred ground and

launch operations resources. These analyses and the suz_ary of results is

shown below.

Results

Analysis • 3I 3F 3 Composite

i. Ground Opera- ETR $39.19M $57.8_4 $97.0__4

tions Cost W_ $25.6_ $ 7.93M $33.53M

2. Manning Reqxts

_3. Active Tu6
Fleet Size

Fleet Size

Peak Yr Req

_m_ 168 En_ 2_5 ET_ 29O
w_ 119 WTR 90 WTR 181

ETR 3 M._ _ _ l_IL_a_: E'I_Ih _

1 Min 2 Mln i M!n

WTR 1 WTR 1 WTR 1

wn_2 _6 _',m8
wm_ 2 w,lm2 WTR_
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1

,

o

9_

i0.

Analysis

2 Yr I0C Delay

Shuttle

Restrained

Operations

Ground Turn-

around Time

Task

Description

Development

Fac ility Reqmts

Description

GSE Description

Maint/Refurb/

CO Impact on

Turnaround

3I

2h3 Man Yr

Reduction

Land to Land

+21Hr

Liftoff-144 Hr

to Liftoff

ETR 306 NASA

319 DOD

WTR 309 NASA

309 D0D

55 Functional

Tasks Defined

Requires New

P/L Process

Fac at ETR

& WTR

77 Types GSE
Req'd See

Table h-3

Maint/Refurb/CO

Requires _ 75 Hr

Results

3F

No effect

Land to Land

+21 Hr

Liftoff-lhh Hr

to Liftoff

ErR 328 NASA

3hl DOD

WTR 324 NASA

32h DOD

58 Functional

Tasks Defined

Requires New

P/Ll>rocess

Fac at ETR

& WTR

83 Types GSE

Req'd See

Table h-_

Maint/Refurb/CO

Requires _ 75 Hr

3 Composite

2h3 Man Yr.

Reduction

Land to Land

+ 21 Hr

Liftoff-lhh Hr

to Li ftoff

ErR 328 NASA

3hl D0D

WTR 32_ NASA

32h DOD

58 Functional

Tasks Defined

Requires New

P/L Process

Fan at ETR

&WTR

83 Types GSE

Req' d See

Table h-h

Maint/Refurb/CO

Requires _ 75 fir

Additional manpower and cost data is shown in Figure h-3.

Appropriate data associated with each of these analyses and detail discussions

are presented in Volume 6.

.3 REFURBIS_4ENT SUMMARY

The MDAC Space TuE Refurbishment (R) Concept minimizes R requirements while

__ intaining a satisfactory degree of launch on time probability together with

the required level of subsystem reliability to assure mission success. It is

patterned after the comrcial airlines "On Condition .Maintenance" philosophy

which monitors subsystem health and thus precludes unwarranted maintenance and
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properly. Subsystem health is monitored by a combination of the following

techniques :

• Operational instrumentation data consisting of subsystem performance

measurements which are telemetered during flight via ground link.

• When the Tug is out of range of a ground tracking station, these

data are recorded onboard for later transmission.

• Post Flight/Receivlng Inspection.

• Automated subsystem checkout (ground) of those _erfor_nance charac-

teristics not readily adaptable to inflight monitoring.

• Use of onboard checkout capability for fault detection and isolation.

The Maintenance/Refurbishment (M/R) technical approach/methodology ks not

sensitive to individual Tug configurations; however, the cost of an M/R cycle

amd depot maintenance will vat D" with different configurations. These varia-

tions have been expressed in the M/R inputs to the cost model for each con-

figuration in terms of Manhours/(M/R) cycle, equivalent units of production

hardware for operational spares and depot maintenance cost as a percentage of

.__ average subsystem hardware cost.

The maintainability analyses have evaluated unscheduled maintenance as this

affects maintenance and refurbishment schedules, and has predicted unscheduled

maintenance manhours and spares requirements. These are provided in Volume 6.

In addition, the analysis has produced predictions of risk of launch with an

anomaly in the _ and risk of pad loadout as a result of anomalies discovered

subsequent to Tug/Shuttle mating.

The predictions are based upon a systematic analysis of the equipment operated

(data management, fueling, communications, etc.) and length of operation

according to the top level functional flow diagram, and system timelines. The

total risk is apportioned to risk of pad loadout or to la_lnch unreliability

on the bas_s of individual subsystem verification capability incorporated in

the design cf the Tug and Tug/Shuttle combined integrated systems test. The

results cf the predictions ame shown in a comparisons format in Figures 4-4

and 4-5.

4-9
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The results of the GSE task include the detailed definition of the GSE,

quantities, price, development schedu/e, and GSE ast each location for

factory, Eastern Test Range (KSC) and Western Test Range (VABF) which are

required to support both NASA and DOD Tug _uissions. It also includes a

definition of equipment that is Government Furnished Equipment (GFE) which

is available from the Saturn and Delta program that is usable for Tug.

Option 3 initial features:

A. GSE is sized for fleet sizes of five vehicles for cradles, covers,

and transporters.

B. Guidance 8aqd Navi_asion checkout equipment GFE from Delta program.

C. Battery checkout GFE from Saturn program.

D. Factory GSE is shipped to VA_B to become launch checkout equipment.

for one pad. Feasible since schedule delivery of 13 vehicles allows

enought time to accomplish this.

E. Provide only one pad of GSE at VAFB since launch rates are low from

WTR amd one set of hardware can support program launch rate from WTR.

F. Utilizes maximum GFE from Saturn program where possible to support

KSC.

Option 3 final features:

A. GSE is sized for a fleet size of nine vehicles for cradles, covers

and transporters.

B. Features are the same as Option 2 except two pads of GSE and provided

at W_ and factory set is available for depot maintenance or f'.*ture

production. In Optlons i, 2 and 3 initial the factory, set of hardware

_as been deployed to VAFB as the launch checkout equipment. In option

3 you attain low DDT&E during the initial phase and still have GSE

developed during the fins/ configuration to support any configuration

checkout and testing turnaround rate. The factory set can be

utilized for modification and development of rut/re changes or be

moved to the launch site to enable faster turnaround at either KSC or

_R as the situation warrants the higher launch rates.

4-11



h. 5 LOGISTICS SUMMARY

The MDAC Space Tug Logistics Concept incorporates the Transportation and

Handling, Training, Inventory Control and Warehousing functions and Spare

The primary mode of tra_nsportation between MDAC and KSC/WTR will be by "G

type aircraft when delivering new Tugs or when switching operational Tugs

between _LgC and WTR. Movement of Tug hardware (other than a complete Tug

will be accomplished via appropriate land and air modes as dictated by

specific program requirements. Y_ne selection of preservation methods, pa

aging levels, and protective handling is based on analysis of natural and

induced environments to whicn the hardware will be subjected during its 1

cycle.

4.5.1 Training.

The training concept for the Tug Program is based on the premise that tra

will be required for all ground personnel (customer anl contractor) and t

personnel assigned to the Tug Program will already be skilled in their re

tire specialities; therefore, training requiremer_s will be limited to th

adaptation of their respective skills to Tug hard_;are and ground operatic

There will be no requirement for simulators and dedicated training equip=

Test and flight hardware, augmented by audio/visual aids will be used.

special training facilities requirements are planned.

5.5.2 Inventor_ Control and Warehc'asing

The material control function includes the receiving, shipping, issue, re

inventroy control and storage of spares, repair parts and special test ec

ment (Contractor Furnished Equipment [CFE] and Government Furnished Equi I

[GFE]) located at either the MDAC manufacturing facility of at the KSC/WU

launch sites. Variations in dollar value of the logistics inventory hav_

expressed in the Maintenance and Refurbishment inputs to the cost model.
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h. 5.3 Spares

The maintainability analyses have addressed unscheduled maintenance in terms

of spares requirements. This applies risk of failure analysis methods to

prediction of spares requirements and maintenance manho,ars. All predictions

were made by the smae methods, thus assuring that the data presents the

proper range of relative performance for purposes of preferential evaluation

and ranking with regard 1_9 unscheduled maintenance.

Spare parts costs estemates were introduced into the cost model in terms of

initial spares and depot maintenance, measured in terms of equivalent Lhnits

Of production subsystem hardware costs. The initial spares are required to

repair any failure present in a returning Tug for the first five flights.

The estimates for subsystems assumed at least one of each replaceable item

plus several additional parts for those items having a high failure risk and

a long flow time for depot overhaul. The comparison of costs for the separate

subsystems are determined. The cost comparison and method of calculation is

hown in Section 6.Ll.h.l of Volume 6-Operations.



Section 5

PROGRAMMATICS AND COST

5.1 VEHICLE MANUFACTURING S_Y

The vehicle manufacturing plan of the initial configuration phase_ to final

configuration space Tugs contains the Space Tug manufacturing plan, includiz

peak rate charts, Manufacturing Flow Plans, tooling required to manufacture

the Space Tug per the prescribed rate and the facilities that will be requi2

to accomplish the task. Also included in Volume 8 are the probl_m areas,

special processes required, summary analysis and manufacturing philosophy

engendered into the manufacturing plan. The breakdowns of Option 3I and 3F

are shown in Figure 5-1 and 5-2.

5.1.1 Plan/Flow/Time

The manufacturing plan flow/time elements used for the manufacture of the S]

Tug are based on the following key factors:

e Low Production requirements

• Low DDT&E costs with ability to grow

• Low Production Manufacturing Costs

• Low Early Year Funding

• Low Manufacturing Hate l_equirement

• Test Article Requirements Support

• Utilization of existing Capital Equipment, GSE, and facilities

• High Reliability and Reusable requirements of the Space Tug.

• Phased manufacturing capability -- initial configuration to final

conflgurat ion

The above noted key factors were considered and incorporated into the manu£_

turln_ plan with the principal motivating factor being the high reliability

and reusability requirement.
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This section has been divided into two parts co separate _ne manulac_ur_ng

requirements for major test articles from those needed for the production o

flight articles. No dedicated flight test articles are planned for this pm

gram. Schedule requirements for the major test articles are presented in

Volume 8, Section 1.2. Wherever practical or feasible from a schedule start

point, manufactured test components will be fabricated during tool proofing

provide lower program cost, reduce Planning effort, provide a greater lead

and reduce Tcoling setup times for test components.

The following test articles will be produced:

@

Structural Test articles

Propulsion Test Vehicle (PTV)

Integrated Avionics Test Unit (IATU)

Flight Control Simu/ation

Flight Support Equipment

5.1.3 Manufacturing Schedule and Flow

The manufacturing schedule is based on the Production Schedule, shown in

Volume 8, Section 1.3, which is the basis also for the manufacturing flow ¢

lead time set-back charts, and first tool usage requirements.

The manufacturing flow schedules shown in Figures 5-3 and 5-h begin with E_

ing design effort at ATP, and define the sequence of activities by Procure_

Planning, Tooling and Manufacturing through detail fabrication, subassembl_

assembly, integration and installation, through fine/ checkout and preparmt

shipment. Major inspection points such as proof and leak check are also st

this chart.

The Peak Rate Tree Chart presented in Figure 5-5 shows both detailed manuf_

_teps and tbe units in flow at peak production rate.

_.dditional detailed manufacturing sequence flow chafers are contained in th_

facturing Plan which is discussed in detail in Volume 8.
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The manufacturing plan outlined in this section is struc_ureu a_ IoJ_Lows:

• Fabrication and Subasseanbly (structures) plan and Flow Plans.

• T'en_ Bonding and Insulation plan and Flow Plans

• Final Assembly and Final Joining Flan and Flow Plans

• Propulsion Fabrication and Subassembly Plan and Flow Plans

• Avionics Fabrication and Subassembly and installation Plan and

FIo_ Plans

• Prod_:ction Acceptarce Tes_ Plan.

5.1._.i Fabrication and Subassembly Plan (Structures)

Tl:e fabrication and subassembly requirements for the manufacture of the

struct'_ral components camprising the Space Tug are state-of-th_.-'_rt and wil

not require the development of unique manufacturing processes. Low cost "s

tooling i.e., layout templates, router/blocks, drop hammer dies, etc., will

used extensively where practical. 'fhe _4 2 anZ LO 2 domes will be subcontrac

to a vendor that currently has the capability to manufacture a one piece do

The fusion Joining of the LH 2 tanks and the LO 2 tanks will be accomplished

using the latest TIG welding techniques. The welding process employed

in the manufacttu-e of the Space Tug LH 2 and LO 2 tar_ks is fully discussed im

Volume _, Section 4.5 Summary Analysis/Philosophy.

The manufacturing requirements for each of the Space Tug components are out

lined in the Space Tug fabrication flow plans, see typical flow plans in

Figure 5-6.

5.1.4.2 Flight Articles

MDAC does not plan to provide dedicated flight test articles, as the high

reliability and reuseability stressed in the initial design, and proven in

development tests will assure flight worthy hardware. Manufacturing will

produce 5 initial configuration flight vehicles and eleven phased up final

configured flight vehicles, (See Volume 4, Book 3, Section 2 for mission

accomplishment requirements. ) r&_nufacture of the flight articles is descr

in Section h.l.2 together with the production flow for test integration, i

!ation and caeckout.

5a
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The final assembly and final Joining line sequence flow are outlined in the

flow plan. The LO 2 and the LH 2 tanks are built up as modular assemblies in

horizontal mode. The LO2 and the LH 2 subassembly Jigs are then mated per le

pins and index points and the final Joining, installations, and checkout are

accomplished.

OF PO.,t ": ;_ "_ "



5.2 FACILITIES

The requirements developed by operations analysis in the areas of manufacturing

test, integration, checkout, launch, recovery, refurbishment, and storage were

_- matched against existing, modified, and new facilities on the basis of avail-

ability, compatibility, and cost.

It was determined that facilities are not configuration sensitive; cost is not

a determining factor in selection, since existing facilities can be utilized

for most requirements.

Tug facilities at ETR will be satisfied by one new building and by modifica-

tion and refurbishment of existing buildings and by use of Orbiter facilities

that can be expanded or adapted to include _ service.

At WTR construction of a new Payload Processing facility together with use of

programmed Shuttle facilities expanded to satisfy Tug needs will provide the

support required.

Manufacturing facilities will be based on existing MDAC plant and equipment at

Huuntington Beach, California, modifed and augmented by autoclaves-_resses,

etc. us required to produce RA[g.

Dro_luction testing will be done at Huntington Beach. Some vehicle tests will

bc ",ccomplished at I_AbA facilit[es at Huntsville and AFd)C facilities at

Tullahoma. 0n/.y such GSE as is needed for ha_Idling, loading, aund other T_

peculiar requirements will be provided at test facilities.

Tab'alations of s/l facility requirements, their cost, location, and lead tim_s

8/-e shown in Tables 5-i and 5-2.

5-3 VEHICLE TEST PROGRAM

A development test program envolops SR&T; development end qualification test-

. _g of parts, components, subassemblies, and assemblies of subsystems; rell-

_bility testing of selected items; repairability/maintainability testing of the

smaller items; development, qualification, _intenance, and maintainability
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completed CEI.

The acquisition of assurance of reusability of the cryogenic Space Tug throu

equipment life, maintainability, and/or refurbishment, begins with design an

continues through component and vehicle level testing to mission operations.

Design for high reliability and judiciously planned and implemented testing

must be used to insure the specified reusability and life of the Space Tug.

The most cost effective program combines four philosophies pertinent to desi

analyses and test:

A. Select existing hardware which is shown to have survived space fli@

B. Design new subsystem hardware to survive an economically reasonable

portion of Tug life.

C. Determine, through reliability analyses, that component reliabillt_

meets Tug requirements and that failures which may occur must be

considered random failures.

D. Determine that a component�subassembly�assembly�subsystem cannot be

removed and replaced through scheduled or unscheduled maintenance;

design for survival through Tug environmental criteria beyond expe(

life.

The majority of the components intended to comprise this configuration eith_

have been developed for use in previously produced space vehicles, are

standard components qualified for space vehicle applications, or will requi_

little modification to meet Space Tug specifications. For those components

requiring new or further developmeat or requ_lification, _n economically

feasible population will be selected for the appropriate type of testing.

Further, the level of hardware assembly at which verification of a given it_

can be adequately achieved, i.e., component, subassembly, assembly, etc., wf

be evaluated. To the maximum extent possible, qualification of h_rdware

included in the desi_n will be ac} ieved through means other than testing, i

analysis, inspection, demonstration, or simulation. Emphasis will be place,

on repairability within each _na!ysis or durir_ testing.



uomolna_lon el aeslgn selection el _ign rellaOlll%y/long llre componensz anQ

parts, and the component verification approach outlined above should yield an

%pproximate i0 percent reduction of operational maintenance and refurbishment

"--costs. DDT&E costs will be higher due to testing, and its associated popula-

tion requirements, to provide reliability and life; however, this cost is non

recurring and will produce a reduction in recurring costs by lowering the

incidence of both scheduled and unscheduled maintenance and refurbishment.

5.3.1 Vehicle Ground Test Summary

Tests to be conducted with the major test articles are summarized in

Table 5-3. The testing program is designed tD provide the maximum confidence

possible, consistent with minimum DDT&E funding of this option. Test descrip-

tions and estimates are provided in Volume 8.

5.3.2 Flight Test - 31

Flight tesn data will be acquired in conjunction with normal mission perform-

ance. Flight test objectives are aimed at verifying that the Space Tug can

erform assigned missions within the specified mission within the specified

mission envelope of performance and time requi]'ements.

The first produced Tug will be equipped with special flight test instrumenta-

tion in support of the following objectives:

A. Propellant settling.

B. Propellant utilization.

C. Propellant feedD_ine and engine thermal conditioning.

D. Propellant conditioning.

E. Zero-g heat transfer.

F. Avionics cold plate temperature stabilization.

_. Vibranion levels of selected critical installations.

Information will be obtained from this instrumentation during the first two

flights flown by this Tug. _le flights will carry spacecraft for orbital

l_cement. Following termination of the second flight, the flight test

instrumentation will be removed and the Tug processed through a normal turn-

around cycle. This _ug will then continue normal operations within the fleet.
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Flight test data will be acquired in conjunction with normal mission

performance. Flight test objectives are aimed at verifying that the Space

Tug can perform assigned missions within the specified mission envelope of

performance and time requirements.

The first produced Tug will be equipped with special flight test instrument

in support of the following objectives:

A. Zero-g heat transfer.

B. Avionics cold plate temperature stabilization.

C. Vibration levels of selected critical installations.

Information will be obtained from this instrumentation during the first fli

flown by this Tug. _ne flight will carry spacecraft for orbital placement.

Following termination of the flight, the flight test instrumentation will b

removed and the Tug processed through a normal turnaround cycle. This Tug

will then continue normal operations within the fleet.

5.h SCHEDULE SUMMARY (NASA) ACQUISITION

The schedule (Figure 5-7) for Space Tug Option 3 is based on Phase C/D

design, development and operations authority to proceed (ATP) in October 19

Design, development, test and evaluation (D_r&E) for Increment I (interim

configuration) and Increraent II (final configuration) requires 55 _nths an

62 months respectively and is complete at the first Space Tug operatlonal

launch of each configuration. 10.7 years of flight operations are assumed

beginning with the first operational launch and are complete in 1990.

Space Tug Preliminary Design Reviews (PDR) are scheduled for 17 months and

5i months after ATP to establish firm phased vehicle configurations. CrltJ

cal Design Reviews (CDR) will be completed at 28 months and 60 months afteI

A_P, for Increment I and Increment II respectively, to assure that design

requ'rements have been met.

The ground test program will use subsystem models for concept and design

development and design qualification. Qualifications of subsystems will b_

complete in Mar,-h 1970 an,l November 19_I, hl month:_ and 7_ months respecti_





for subsystem integration and interface verification activities. Two space

wehicles are required at I0C to support the initial requirements of three

flights in the first year of operations. A total of five Increment I vehic

and eleven Increment II vehicles are produced and delivered over a period o

6.6 years. Vehicles are stored at the launch facility and used as required

support launch and refurbishment operations.

Increment I operational flights start at IOC, April I, 1980, and complete w

the 131st flight in 1989. Increment II operational flights start at Phase

IOC, December 31, 1983, and complete with the 336 flight in 1990. Three

hundred eight flights are launched from ETR and 58 flights are launched fro

WTR.

5.5 COST SIRMABY (NASA ACQUISITION)

Stupefy costs for this program option are presented in the following chart_

A. Summary Cost Tabulation

B. Cost Summaries

C. Cost Per Flight Data Sheets.

Reference is made to Volume 8, Book i, for detail cost information.

The Summary Cost Tabulation (Table 5-h) is derived from the LEADER II Cost

Printout. The Cost Summaries (Figures 5-8 through 5-10) present a Technic_

mary, a Schedule Summary, an Annual Funding Summary, and a 6hunulative Fund3

Summary, for each phase (Initial and Final) and Total Project for the phas,

developed Option 3. The Cost Per Flight Data sheets Tables 5-5 throu@h 5- _

have been prepared in in accordance with NASA Direction (Reference: Lette:

PD-TUG-P (015-7h), dated August 3, 1973, from J. A. Stueker, Manager,

Program Planning and Control, to A. G. 0rlllion, COR, PD-_'JG-C).
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design, development, and operations, authority to proceed (ATP) [El October 1975.

Design, development, test, and evaluation (DDT&E) for Increment I (interim

_nfiguration) and Increment II (final configuration) requires 52 months and

75 months respectively and is complete following dedicated flight tests of

each configuration. 10.8 years of flight operations are assumed beginning with

the first payload launch in March 1980 and are complete in 1990.

Space Tug Preliminary Design Review (PDR) are scheduled for 16 months and

41 months after ATP, to estabSish firm phased vehicle configurations.

Critical Design Reviews (CDR) will be completed at 22 months au,d h7 months

after ATP, for Increment I and Increment If, respectively, to assure that

design requirements have been met.

The ground test program will use subsystem models for concept and design

development and design qualifications. Qualifications of subsystems will be

complete in August 1978 and October 1980, 3h months and 60 months, respectively,

%fter ATP. System lerel test articles will be used in the ground test pro-

._ram for subsystem integration and interface verification activities. One

Space Tug vehicle is required to support the initial requirements of three

flights in the first year of operations. A total of five Increment I vehicles

ana nine Increment II vehicle3 are produced and delivered over a period of

h.A years. Vehicles are stored at the launch facility and used as required

tc support i_unch and refurbishment operations.

Aii Space Tug vehicles are produced in the same factory manufacturing and

testing facilities and subjected to the same development, qualification, and

production acceptance testing. The first unit of each increment is used as

the full scale development phase flight test vehicle, and subsequently,

_o fLY initial p%yload/IOT&E flights until the production vehicles become

available. Each of the number one vehicles for Increment I and Increment II

_iil be flown zwice to validate operation, refurbishment, and maintenance.

_he vehicles are then made ready to start payload flights following IMSARC

_-rev__iw %nd production go-aheaxl.
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proouc51on go-ahead in March 19_0. Eight payload/IOT&E flights are completed

over a i. 3 year period using flight vehicle number one. The first operational

"lights begin in June 1981 using production vehicles. Fifty four Increment I

_operational flights take place over a 2.5 year period, ending in December 1983.

Increment II p_71oad flights being following Increment II DSARC III review

and production go-ahead in March 1982. Ten payload/IOTaE flights are completed

over a 1.8 year period using flight vehicle number one. The first operational

flights begin on 31 December 1983 using production vehicles. Two hundred

eig_hty four Increment fI operational flights take place over a seven year

period ending in December 1990.
.- _ .......

5-7 COST SL_La/_Y (DOD ACQUISITION)

Summary cost data for this Program Option to be implemented in accordance

w_th the DOD Acquisition Approach (AFSCP 800-3) are presented in the

folluwlng charts :

AI

B.

C.

Summary Cost Tabulations

Annual Funding

Cost Per Flight Data Sheets

Reference is made to Volume VIII, Book 3 for detail cost information.

The Summmr? Cost Tabu3ation (Table 5-13) is derived from the LEADER II Cost

Model printout which is provided in Volume VIII, Book 3, Section 12. rFne

Annual Funding chart (Table 5-14 and Figure 5-/2) d/splays fiscal year funding

r_qu/rements for the program by program phase and by agency (DOD/NASA). The

Cost Per Flight Data Sheets (Tables 5-15 through 5-23) have been prepared in

accordance with NASA direction (Reference: Letter PD-TUG-P(015-74), dated

August 3, 1973, from J . A. Stucker, Manager , Program Plenning and Control

to A. G. 0rillion, (COR,PD-TUG-C). No cost per flight data sheet has been

provided for POD flight mode two since DOD requires no flights in this mode.

cost per flight sheet for one DOD flight requiring an expended kick stage

(mode 3) during the initial phase of the program has been included.
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5.8 PROGRAM MANAG_4ENT FOR THE SPACE TUG PROJECT

MDAC-W's management approach on the Space Tug Project is to appl_ %he tools

and techniques most appropriate to ensure project control at an acceptable

cost level. Out approach includes reaffirming the gove_nment amana6ement

requirements so that we can be appropriately responsive to their needs.

MDAC-W's available mana6e_nent tools and techniques have evolved during exten-

sive development and use with both NASA and DOD programs as well as on

Douglas commercial aircra/_ programs.

As demonstrated during the Space Tug Phase A Systems Study, the MDAC-W manage

ment philosophy emphasizes "cost planning". This cost planning, which will

continue throughout all phases of program definition and beyond, will result

in cost awareness/cost avoidance attitudes that are essential to effective

project cost control. This cost planning is not limited to Just the prime

contractor role but will extend through the working relationships to the

government and to the suppliers to establish clear-cut cost objectives and th

management plans appropriate for achieving these objectives,

MDAC-W's cost-awareness/cost avoidance philosophy on Space Tug emphasizes the

identification of and the avoidance of all unnecessary costs. This will ca/l

for close contractor/government worklng relationships and teamwork to define

and manage to only those effective project requirements. The net effect of

the application of this philosophy is to develop the Space Tug with only the

necessary equipment, material, and labor, and hence at lower costs.

A0tions that are highlights of the MDAC-W low-cost _ent approach on

Space Tug include:

A. Develop (in concert with the customer) wel_l-defined mission perform_

ance parameters and cost objectives early in DI)T&E.

B. Assign highly capable personnel with applicable experience.

C. Develop well defined program plans based upon essential techmdcal an(

management requirements to 8ncomnl_h th_ m_=_- _o_- --_"_----
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D. Provide closely coupled contractor/government working relationship

including co-location of counterparts and task-sharing where

effective.

F. Develop specific contractual clauses that provide motivation to both

contractor and government to achieve lowest cost consistent with

excellence of performance and tight schedule requirements.

F. Operate critical change control under strict criteria (is it func-

tionally necessary-is it cost-effective) for accept/reject decision.

G. Apply management systems responsive to the needs of contractor/

government and provide timely visibility into potential problem areas

to avoid vulnerablllty to unplanned cost or schedule delays.

H. Procure "buy" items, particularly off-the-shelf material and sub-

systems components, from lowest cost, technically capable suppliers.

Features of several of the more crucial management systems are presented below:

A. Performance Measurement System (PMS_-_he MDAC PMS is an on-line

approved system currently in use on the Air Force ACE program, the

Army SAFEGUARD/Spartan and Site Defense programs, and the Navy

Harpoon program. Our experiences show that a low-cost and effective

PMS requires a realistic WBS structure, ability to selectively

apply BCWS/BCWP and variance analyses, ability to adjust the levels

of reporting amd control to the magnitude of the cost risk

represented by the WBS element, and to provide management reports at

meaningful time intevals.

B. Cost-Per-Flight (CPF) Management Controls-CPF controls have been

developed that are closely integrated with t_e PMS and the change

control system. Based upon MCAD's life-cycle-cost-modeling technology,

CPF provides cost goals (targets) throughout the WBS. CPF provides

continuing predictive capability for total cost and CPF, impact

assessment, and variance projections against lower level WBS element



fully accountable for successful attainment of CPF goals including

development of the options and trade analyses necessary to recover

should unfavorable variances appear. One of the keys to achieving

low-cost objectives is to understand the impact of decisions of

program costs--a primary purpose of CPF.

C. Configuration and Change Management (CM)-The goal of CM is to effec-

tively define contract item configuration and to manage change. On

Space Tug, it is imperative that once a configuration is defined

that strict criteria, by which a proposed change can be evaluated

and accepted/rejected rapidly and effectively, be established. The

configuration control board chaired by the program manage will use

the CPF analysis to know the impact of changes against the CPF

targets and the cost budgets. There is a corollary to the use of

strict change criteria which implies that to avoid unnecessary costs

the mission requirements are well defined and that the design team

can design it right the first time to minimize changes.

D. Information Management (IM)-The most effective as well as lowest

cost IM system is one that makes maximum use of informal direct

communication between designated contractor/_overnment counterparts

for daily decision-making. This informal interchange is backed up

by the formal contractual reporting system which provides documen-

tation of the key data and decision/action items for historical

reference. The contracted data procurement document (DRD) and data

requ/rements list (DRL) will make maximum use of internal data

wherever possible. In addition, MDAC accessionlng and deferred

delivery methods will offer the customer up-to-date information on

available internal documentation while minimizing the need for

routine submission of data.

E. Procurement Management-44DAC approach to make-or-bu_, source

selection, and procurement is to make use of existing proven industr_

caD_bilities, while maintaining focus on the CPF targets. CPF
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and CPF project reviews with a minimum of reprocessing. In accord

with our internal information management systems, the customer will

have direct access to subcontractor/supplier data.

Engineering Mana_ement-_AC design team has extensive and suc-

cessful cryogenic launch vehicle experience. A single organization

will perform ana_ses, integration, and design tasks supported by

functional specialists, as required, (tooling, manufacturing,

qualify, test, logistics, etc. ) who are involved from project

inception. Supporting this multi-discipline team approach is the

reco_aendation for co-locating contractor/customer/supplier

representatives to encourage face-toface dally dialogue. Cost-per-

flight targets are assigned down to the lowest practical level of

the WBS and the design team will have specific I)esi6n-to-Cost (DTC)

training. As the design concept evolves, senior en_neers will be

part of the team who will review the mission requirements, the

design requirements, the detailed specifications, and the design

drawings to ensure a thorough evaluation of alternatives to emphasize

low-life-cycle costs, standard parts, and off-the-shelf hardware.

Critical technical performance perameters, e.g., CPF, are selected

for status reporting to provide most meaningful technical progress

assessment. Parameters are tracked by time-dependent trend data

or single-point events and are measured by analysis or test will

variances reported in time for corrective action with minimum cost/

schedule impact. In addition to the above, the Engineerin 6 and the

Manufacturing releases are closely coordinated (Jointly si6ned off)

before release to ensure full understanding and commnnlication of

each others requirements and intentions.

I_- summary, application of MDAC cost awareness/cost avoidance philosophy

will enable Space Tug to avoid unnecessary material and labor costs. We will:

A. Understand the essential mission and program requirements,

specifica/ly:



B. Design and manage to meet the essential life-cycle requirements

and the CPF targets.

C. Test to verify desi_, but minimize test hardware requirements and

testing activities.

5.9 SUPPORTINGRESEARCHAND TECHNOLOGYSUMMARY(SR&T)

The SR&T requirements for Option 3 are shown in Table 5-25.

The first item, development of potential hazard/failure detection technique_

relates te safety and is applicable to any Tug program, regardless of fundil

constraints or phasing. The second item relates to establishing basic data

required to develop am effective thermal control system. The dollars shown

are a summation of the thermal control requirements for both the initial an_

final configurations. The remaining items in the avionics area are requirec

for the final configuration. In the G&C area, star tracker self-check and

]]_U self-calibration are needed to reduce mainten_ice costs. Laser radar

rendezvous/docking techniques need substantial advancement before fins/

difinition for the Tug. Performance is the primary offshoot of improving

fuel cell specifics.

The SR&T for the option represents Just over 5 percent of total program DDT_

5.10 RISK ASSESSMENT SUMMARY PHASED FROGHAM OPTION 3

The Space Tug project is in the early stages of program definition (Phase AI

We are confident that as definition of the hardware, software, and program-

matics evolve, that the risk values identified will diminish significantly.

Therefore, we assess Program Option 3 as a moderately low risk program.

On a scale of 0 to I0 (i.e., low risk to high risk, respectively) the avera_

life-cycle risk values for Options 3 initial/3 _inal are: 2.4/2.5 for Costl

2.0/2.a far Schedule; and 2.7/3.1 for Technical performance. (Refer to RIS}

ASSESS_f S'J_."tA_RYTables 5-25 %nro':gh 5-31. These relatively low risk val_

mean that the n alti-discip!ine %eam of experts, who have assessed the uncerJ



_q

O
I----4

:_ O

I I

E_

E_

_.f-4

a_

o

bO
0

0

o

E_

o

O3

Lr_

_D

tf_

bf_

o

0

o

_H

c_

c_
b_
c_

c_

+_

0 m

0"_

_" o

bO

0 c_
I .,,..,I

0 ,._

b-

I

0

0 _o

,o '_t
m _

-_ 0-_

0

r-I -i-! m
0 _ _

0 _

0 0

I -,4 ._

0 _'_

t'-

0
0

I

r-t
tl)

0

0

0
,._

o

4.a

I.-t o

r_

I
c_

I 0

0 _-

, _o

CO

0
0

C_l

,o

c_
o

0

,o

r_
c_

I
r_
,'-t

t'--

0

0

0
0

0
0

II1

0

t_
¢1

0-_

o

(3
0

0

co

0

o

,--i

o
c.

-,-i

4_

bO

o ,--i

,-4

r_

0



Table 5-25

RISK ASSESSMENT SUMMARY FR_ OPTION 3I

Risk Values (0 = Low; IC = High Risk)

Project Phase

Risk Area

Cost Schedule Technical

DDT&E 2.9 i. 9 3.2

PROD 2.2 1.7 2.h

0PNS 2.1 2.3 2.6

Average Life Cycle Risk Values 2. h 2.0 2.7



Table 5-26

RISK ASSESSMENT DATA SKEET

Pro6ram 0pt_on 3I, DDT&E Phase

Page 1 of 2

WBS Element

Risk Values

0 = Low; i0 = High

Cost Sched Tech

Risk Assessment

(Values of 5 or GreaTer)

320-01

ProJect Management

320-02

Systems Engr and
iutegration

320-03

Vehicle Main Stage

-01

Structures

-02

__ Thermal Control

-O3
Avionics

-0_

Propulsion

-O5
Orbiter Interface

-o6

Drop Tanks

-07

Final Assy & C/O

320-0h

Vehicle Auxiliary Stage

32O-05

Logistics

3 1 1

3 1 1

2 2 _.

2 2 t_

2 2 3

2 1 h

5 1 6

N/A N/A N/A

2 2 5

5 GFE 1

3 3 1

Prelim spec definition

(cost); prelim abort data

and analysis (tech)

Pressure/chemical/heat

hazards (tech)

Mfg start-up on Poseidon

questionable (cost)



'l_ble >-2b

RISK ASSESSMENT DATA SHEET (Continued)

Program Option 3I, DDT&E Imaas

Page 2 of

WBS Element

Risk Values

0 = Low; i0 = High

Cost Sched Tech

Risk Assesmment

(Values of 5 or Greater)

320-06

Fac ilit ies

320-07

Ground Support

Equipment

320-08

Vehicle Test

320-09

Launch Opns - WTR

320-10

Launch Opns - ETR

320-11

Flight Opns - WTR

320-12

Flight Opns - ETR

320-13

Refurb & Integration -

WTR

320-14

Refurb & Integration-

ETR

TOTAL SCC_E

MAXIMUM SCORE POSSIBLE

RISK VALUE (0-i0 SCALE)

5 3 1

3 2 5

3 2

2 3 2

2 3 2

24 28 48

150 150 15o

2.9 1.9 3.2

Prelim info only (cost)

Prelim Definition of

interfaces (tech)



Table 5-27

RISK ASSESSMENT DATA SHEET

Program Option 3I, PROD Phase

Page 1 of 2

WBS Element

Risk Values

O = Low; i0 = High

Cost Sched Tech

Risk Assessment

(Values of 5 or Greater)

320-01

Project Management

32O-02

Systems Engr and
Int egrati on

32O-03

Vehicle Main Stage

-01

Structures

-02

Thermal Control

-03
Avionics

-04

Propulsion

-O5
Orbiter Interface

-o6

Drop TanKs

-07
Final Ass'y & c/o

320-04

Vehicle Auxiliary Stage

32O-05

Logistics

2 1 1

2 1 1

2 2

2 2 i

2 2 3

2 1 3

3 i 5

_/A _/A _/A

2 2 5

5 GFE 1

2 3 i

Prelim spec definition

(teeh)

Pres sure/c heroic ai/h eat

hazards (tech)

Mfg start-up on Poseidon

questionable (cost)



Table 5-27

RISK ASSESSMENT DATA SHEET (Continued)

Program Option 3I, PROD

Page 2 c

WBS Element

Risk Values

0 = Low; I0 = High

Cost Sched Tech

Risk Assessment

(Va].ues of 5 or Greate,

320-06

Facilities

320-O7

Ground Support

Equi_Dment

320-08

Vehicle Test

320-09

Launch Opns- WTR

320-10

Launch Opns- ETR

320-11

Flight Opns- WTR

320-12

Flight Opns- _I_

320-Z3

Refurb & Integration-

WTR

320-14

Refurb & Integration-

ETR

TOTAL SCORE

MAXD4UM SCORE POSSIBLE

RISK VALUE (0-I0 SCALE)

1 3 1

1 2 3

26 20 29

120 120 120

2.2 1.7 2.h



Table 5-28

RISK ASSESSMENT DATA SHEET

Program Option 3I, OPNS Phase

Page i of 2

WBS Element

Risk Values

0 = Low; I0 = High

Cost Sched Tech

Rlsk Assessment

(Values of 5 or Greater)

320-01

ProJect Management

320-02

Systems Engr &

Integrat ion

32O-O3

Vehicle Main Stage

-01

St_-uc titres

-O2

Thermal Control

-O3
Avionics

-o4

Propu_Is ion

-o5
Orbiter Interface

-o6

Drop Tanks

u0?
Final Ass'y & c/o

320-04

Vehicle Auxilary Stage

-o5
_- Logistics

320-O6
Facilities

1 2 1

1 2

i 2 3

1 1 3

1 1 1

N/A N/A N/A

N/A N/A N/A

1 GFE 2

2 3 i

3 3 I



Table 5-28

RISK ASSESSMENf DATA SHEET (Continued)

Program Option 3I, OP_S Ph_

Page 2 o:

WBS Element

Risk Values

0 = Low; i0 = High

Cost Sched Tech

Risk Assessment

(Values of 5 or Greater

320-07

Ground Support

Equipment

320-08

Vehicle Test

320-09

Launch Opns- WTR

320-10

Launch Opns- ETR

320-ii

Flight Opns- WTR

320-12

Flight Opns - ETR

320-13

Refurb & Integration-

WTR

320-ih

Refurb & Integration-

ETR

TOTAL SCORE

MAXIMUM SCORE POSSIBLE

RISK VALUE (0-i0 SCALE)

2 2 i

3 3

3 3

3 3

3 3 h

3 3 3

3 3 3

31 34 39

150 150 150

2.1 2.3 2.6
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Table 5-_9

RISK _SSESSMENT SUMMARY PROGRAM OPTION 3F

Risk Values (0 = Low; I0 = High Risk)

Project Phase

Risk Area

Cost Schedule Technical

DDT&E 3.0 2.3 3.3

PROD 2.3 2.2 3.0

oP_s 2.l 2.6 2.9

Average Life Cycle Risk Values 2.5 2.h 3.i



Table 5-30

RISK ASSESSMENT DATA SHEET

Program Option 3F, DDT_E P
Page 1

WBS Element

Risk Values

0 = Low; i0 = High

Cost Sched Tech

Risk Assessment

(Values of 5 or Greate

320-01

Project Management

32O-O2

Systems Engrand

Integration

32O-03

Vehicle Main Stage

-01

Structures

3 1 1

3 1 1

2 3

-02

Thermal Control 2 3 4

-O3

Avionics 3 3 7 Laser docking/advancel

cell/solid state power

distribution (tech)

-oh

Propulsion

-05
Orbiter Interfaue

-06

Drop Tanks

-07
Final Ass'y & c/o

2 2 l_

5 1 6

N/A N/A N/A

2 3 6

Prelim spec definition

(cost); prelim abort &

and analysis (tech)

Pres sure/c hmical/heat

hazards (tech)

32O-0h

Vehicle Auxiliary Stage 5 GFE I Mfg start-up on Poseid(

questionable (cost)

32O-O5
r_,'i ._t_cs "_ "_ 1



Table 5-30

RISK _ I_TA SHEET (Continued)

Program Option 3F, DDT&E Phase

Page 2 of 2

WBS Element

Risk Values

0 = Low; I0 = High

Cost Sched Tech

Risk Assessmeut

(Values of 5 or Greater)

320-o6
Facilities

32O-07

Ground Support

Equipment

32O-O8
Vehicle Test

320-09
Launch Opns - WTR

-- 320-10

Launch Opns - ErR

320-11

Flight Opns -

3_q)-12

Flight Opns - ETR

320-13

Refurb a Integration -

WTR

32o-i_
Refurb & Integration -

ErR

TOTAL SCORE

MAXIMUM SCORE POSSIBLE

RISK VALUE (0-10 SCALE)

5 3 1

3 3 5

3 3 2

2 3 3

2 3 3

h5 35 h9

150 150 150

3.0 2.3 3.3

Prelim info only (cost)

Prelim definition of

interfaces (tech)



Table 5-30

RISK A_ DATA SHEET (Cont Inued)

Program Option 3F, PROD Ph

Page 2 o

W_3 Element

Risk Values

0 = Low; i0 = High

Cost Sched Tech

Risk Assessment

(Values of 5 or Greeter

320-06
Facilities

32O-07
Ground Support

Equipment

32o-08
Vehicle Test

320-09
Launch Opns- WTR

320-10

Launch Opns- ErR

320-11

Flight Opns- WTR

320-12

Flight Opns-

320-13
Refurb & Integration-

WTR

32o-i_
RefUrb & Integration-

ErR

i 3 1

1 3

T0q_L SCORE 27 26 36

MAXIMUM SCORE POSSIBLE 120 120 120
RISK VALUE (0-i0 SCALE) 2.3 2.2 3.0



Table 5-31

RISK ASSESSMEIT DATA SHEET

Pro6rmm Option 3F, OPNS Phase

Page 1 of 2

WBS Element

Risk Values

0 = Low; i0 = High

Cost Sehed Tech

Risk Assessment

(Values of 5 or Greater)

320-01

Project Management

32O-O2

Systems _gr and

Integratio_

32O-O3

Vehicle Main Stage

-01
Structures

-02

Thermal Control

-O3
Avionics

-04

Prolmlsion

-O5
Orbiter Interface

-o6

Drop Tanks

-07
Final Ass 'y & c/o

320-04

Vehicle Auxiliary S_e

• D-o5
Logistics

32o-o6
Facilities

1 3 1

1 3

1 3

i 2 3

1 1 1

w/, w/A _/,

1 GFE 2

2 3 1

3 3 1



Table 5-3A

RISK _ DATA _ (Continued}

Pro_tm Option, 3Y, OPWS P

Page 2

WBS Element

Risk Values

0 = LOV; I0-- High

Cost Sched Tech

Risk Assessment

(Values of 5 or Greater

32O-07
Ground Support

Equipment

32O-O8
Vehicle Test

2 3

32O-09

Launch Opns - WTR

320-10

Launch Opns- ETR

32O-ll
Flight Opns- W_R

320-12

Flight O_ns - ]_

3_13

Refurb & Integration-

W_R

32o-Ih
Refurb & Integration-

ETR

TOTAL SCORE

MAXIMLN SCORE POSSIBLE

RISK VAUUE (O-tO SCALZ)

3 3

3 3

3 3

3 3 h

3 3 3

3 3 3

31 39 h3

150 150 150

2.1 2.6 2.9



in accomplishing the cost, schedule, and technical obJectiwes and assigned

the risk values, have a moderately high degree of confidence that all

objectives will be met for every _ element in every phase of the project..

Their collective Jud_nents are based on the following:

A. Specifications on similar hardware and software items are available;

B. The hardware and software subsystess/components are well within the

state-of-the-art and (as a minimum) prototype items have been

produced (in many cases off-the-shelf hardware is selected);

C. The estimating ground rules and assumptions were generally adequate

although subject to some question; and

D. The data have generally been obtained from reliable sources.

NOTE: A full description of our risE assessmeDt _ethodology and the

detailed data sheets are contained in Section 9 of Vol_e 8.

In the risk Assessment Data Sheets a narrative risk assessment is provided

for all cost, schedule, and technical risk values of 5 or greater. It is

significant that most of the moderate to high risk values shown are due

-_to the preliminary or incomplete nature of the information available and are

not due to technical or capability uncertainties. Therefore. ss further

definition of the program evolves, we can expect a corresponding decrease in

all risk values.



6.1 3,500 LB RETRIEVAL CAPABILITY - OPTION SS

This sensitivity stud_ considered the impact on the final configuration of

Option 3 of increasing the retrieval pa_load capability to 3,500 pounds. Th,

ane_sis was carried out assuming the initial configuration remains the same

as in the normal Option 3 program.

6.1.1 Design Changes

Consideration of possible changes which could provide the Increase_ performs_

led to the conclusion that any changes must include an increased ISP engine t

that the introduction of the RLIO CAT. IIA engine (with necessary acconnoda

tion changes) is sufficient to meet the performance requirement. The change

are identified in assessing the propulsion system change to the CAT. IIA RLb

main engine. There are two primary changes: the main engine and the size o

the main engine feedlines must be increased. With the new engine which oper

at lower inlet pressures, the pressurization system can be elim/nated allowL

additional performance (and some cost savings).

The chan6e of the feedlines results in minor structural to increase the size

of the propellant tank sumps to accommodate the larger lines. Elimination o

the pressurization system also eliminates supporting structural members.

6.1.2 Performance Impact

The design changes result in s burnout weight decrease of about 186 pounds a

the en6tne chan6e increases ISP by 17._ seconds.

Based on the foregoing data, the geosynchronous orbit performance capabiliti

were deter_ed at the nominal 5.5:1 E_ and are presented by offloadin_ LO2

only on the round trip and deployment missions, an EMR of 5.0 could be used

yleldln 6 a three second increase in ISP and the peyloads shown in parenthese

The corresponding performance for option 3F is shown also for comparison.

Geosynchronous Perfor_ace

Option 3S Option 3F

Deploy 6_95 (6738) hlhO (h3_0)

Retrieve h135 2_5S
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OF POOR QUAL!I'y

6.l.h Mission Accomplishment

Assessm,:nt of the capability of the 3S program to accomplish the Option 3S

mission model was done by performing a complete capture analys_s as reported

in Vol_me 4, Supplement to Book 3. To perform the missions 332 flights are

required as compared to 366 flights for the baseline Option 3. Also there

are 9 additional missions in the Option 3S mission model (both Option 3 and

3S do not perform 32 of the missions because of shuttle limitations on the

number of tug flights in 1980 and 1981). The fleet slze is 15 vehicles, one

less than was required in the baseline Option 3 program.

6.1.5 Test Program

__he change of engine from a Category I to Category IIA RLIO engine results in

a requirement for complete propu]slon system qualification through a static

firing sequence which simulates as close as possible to total design mission

profile. This test program addition will involve a propulsion test vehicle

(additional hardware). _ _ propulsion test vehicle is not truly a vehicle,

_- i.e., a Space Tug. The testing is concerned with the development and func-

tional qualification of the main engine support assembly and associated inter-

faces only. The components which comprise the assembly either will have been

developed and qualified on previously, except for the increased alze feed lines

which will bc qualified during these tests.

6.1.6 Program Cost

The major impact upon program cost is the addition ia DDT&E costs of the CAT.

IiA RLI0 main engine itself. Thls amounts to $50 million ($50 million as

c(n_pared to $13 million for the CAT. I RLIO used on the baseline Option 3

configur tion). Other DDTa_ cost different& items include the feed lines

(+ $0.8 million) and the lack of a requiiement for a pressurization system

(- $3.2 milllon).

Fne total prcGram costs only changes an insignificant amount since the

savings in the operations cost (due to less flights) offsets the increased

DDT&E. However, the operations costs (see Table 6-1) do not include the

Shuttle operations costs. If the Shuttle operations costs were included at
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6.2 TWO YEAR IOC DELAYS - INITIAL AND FINAL

The objective of this analysis was to determine the programmatic sensitivity oJ

Option 3 to a two year IOC delay from December 31, 1979 to December 31, 1981,

for the Initial phase of the pro_ect and from December 31, 1983 to December 31,

1985, for the Final phase. Primary goals were to evaluate techniques for redu¢

the peak year funding without excessive total program and early year DDT&E cost

impact.

For this analysis, similar to Case i examined for Option i and reported in det{

in Volume 8, Book I, Section 8, it was assumed that the ATP for the Initial ph_

DDT&_E was held at October 1975, as in the baseline option. Thus, an attempt w{

made to trade schedule years against related cost impacts. The Initial phase

DDT&E is extended by 21 months with resulting impacts on cost. By delaying the

10C two years, the Initial phase of the program loses 24 flights which decrease

operations costs ; however, delay of the Final phase causes the Inltlal vehicle

to ill significantly more missions in years 1984 and 1985, including 2 expendal

missions. The net result of the operations difference amounts to a $1.8 millJ

_ increase in operations phase costs for the total project.

Figure 6-1 presents the planned project summary schedule for the IOC change

and reflects the lengthened activity spans and milestone adjustments. Pro-

ductioD of fleet vehicles is planned at a rate of 2.8 per year with a single

shift work we,_ ,_.

Figure 6-2 presents a summary of the IOC delay impact on total project costs

and funding. Peak annual funding for the initial phase is reduced, but the

phase shifting of funding distribution produces a coupling effect between

Initial and Final phase cost increases, resulting ultimately in a higher peak

funding for the IOC delay of _ 83.h million in FY 1981, and a second peak in F

1985 of $ 99.7 million. The delayed IOC program total cost is $918 milllon

_or.pared to the baseline $847 million. The only real advantages observed are

decreased funding requirements in the early years of the program.

6.3 SENSITIVITY STUDY SUM24ARY

The balance of the sensitivity studies which are summarized in Table 6-2

are discussed in detail in Volume 5.
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